
■ i \ 

MW 

MBM| 




lagflp 









Unique in concept-the home computer that grows as you do! 

The Acorn Atom 


Special features include 

* FULL SIZED 
KEYBOARD 

* ASSEMBLER 
AND BASIC 

* TOP QUALITY 
MOULDED CASE 
HIGH 

RESOLUTION 

COLOUR 

GRAPHICS" 


The Acorn Atom is a definitive personal 
computer. Simple to build, simple to operate. 

A powerful, full facility computer with all the 
features you would expect. 

Just connect the assembled computer to any fully illustrated with example programs' 
domestic TV and power source and you are The standard ATOM includes- 
ready to begin. (Power requirement: 8V at HARDWARE 
800mA). There is an ATOM power unit available # Full-sized QWERTY keyboard • 6502 
see the coupon below Microprocessor • Rugged injection-moulded 

“ case • 2K RAM • 8K HYPER-ROM 


manual giving a full description of the ATOM’S The AT0M modular concept 
facilities and how to use them. Both sections are The AT0M has been designed to grow with you. 

As you build confidence and knowledge you can 
add more components. For instance the next 
stage might be to increase the ROM and RAM on 
the basic ATOM from 8K + 2K to 12K + 12K 


FREE MANUAL 


respectively. This will give you a direct printer 
drive, floating point mathematics, scientific and 


• 23 integrated circuits and sockets • Audio tr 'g°nometric functions, high resolution graphics, 

cassette interface • UHF TV output # Full From there you can expand indefinitely. Acorn 
assembly instructions have produced an enormous range of 

SOFTWARE compatible PCB’s which can be added to your 

• 32-bit arithmetic (± 2,000,000,000)# High original computer. For instance: 

speed execution • 43 standard/extended A module to give red, green and blue colour 
BASIC commands • Variable length strings signals Teletext VDU card (for Prestel and 

. . Ceefax information) • An in-board connector 

for a communications loop interface - any 

w i-i auuiuunai aiiays w ridnuuiM iiumuer number of ATOMs may be linked to each other 

Free with every ATOM, kit or built, is a computer function • PUT and GET byte • WAIT or to a master system with mass storage/hard 

marl D a secbon ex Pl a ' ns ar) d teaches command for timing# DO-UNTIL construction copy facility -> Floppy disk controller 

you BASIC, the language that most personal # Logical operators (AND, OR, EX-OR) • Link to card. For details of these and other 

computers and the ATOM operate in. The machine - code routines • PLOT commands, additions write to the address below 

instructions are simple and learning quickly DRAW and MOVE 

becomes a pleasure: You’ll soon be writing your /IwUKN 

own Programsjhe second section is a reference COMPUTER CAMBRIDGE CB2 3NJ 

Your ACORN ATOM may qualify as a business expense. To order complete the coupon below and post to Acorn Computer for delivery within 28 days 
^etumas receivedwrthin 14daysfor fullmoney rrfundi^notcompletelysatisfied. All components are guaranteed with full service/repair facility available. 


(up to 256 characters) • String manipulation 
functions • 27 x 32 bit integer variables 
• 27 additional arrays • Random number 


- 1 -— - ivi ■ w ^ s uai miiccu mu i mil sci Viet;/ repair Id Cl Illy 3 Vo I 

^Please se nd me the following items: “ “ “ “ “ “ “ 


To: Acorn Computer Ltd., 4a Market Hill, CAMBRIDGE CB2 3NJ 

I enclose cheque/postal order for £_ 

Please debit my Access/Barclaycard No._ 


Registered No: 1403810. VAT No: 215 400 220 
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CONSTRUCTIONAL PROJECTS 

PE QUASAR. 26 

Stereo AM/FM Tuner 

CAPACITANCE METER by Martiri Kent . 34 

Ranges from 1 p to 20p 

LIGHT METER by Martin Kent . 46 

A general purpose instrument with applications in photography, chemistry, medicine and pollution 
control 

NOISE METER by Martin Kent . 50 

Indicates ambient noise levels in the range 60-110dB 

INTERFACING COMPUKIT Part 7 by D. E. Graham . 62 

Conclusion 


GENERAL FEATURES 

COMMUNICATION BY FIBRE OPTICS by Gary Gardner 
A bright future for telephones and TV 
SEMICONDUCTOR UPDATE by R. W. Coles 
Featuring iAPX432 U410B 

MICROPROMPT. 

Cream of idea soup 


NEWS AND COMMENT 

EDITORIAL. 

NEWS & MARKET PLACE. 

Including Countdown and Points Arising 

INDUSTRY NOTEBOOK by Nexus . 

Slimming for health 

CB PROPOSALS. 

The low-down from the Home Office 

SPECIAL OFFER —DIGITAL PANEL METER . 

For use with all our free case projects 

EXTRA CASE COUPON. 

To save you money on another case 

PATENTS REVIEW. 

We look at the second of the controversial Carver ideas 

READOUT . 

American advice 

S PAC E WATC H by Frank W. Hyde . 

Our resident stargazer celebrates a bi-centenary and the success of the Space Shuttle 
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54 


SPECIAL 12 PAGE SUPPLEMENT 

CIRCUITS SUPPLEMENT 

22 designs of diverse appeal (between pages 42 & 43) 

OUR AUGUST ISSUE WILL BE ON SALE FRIDAY, 10 JULY 1981 

(for details of contents see page 43) 


© IPC Magazines Limited 1981. Copyright in all drawings, photographs and articles published in PRACTICAL 
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable 
precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to readers are reliable. We 
cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go 
to press. 
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A 4k monitor specially designed to BA v s?c“om P u.erGames 
produce the best from your 

Superboard, Superboard Series 2, 65 a o c 2^we C D P eT ms 
UK101 or Enhanced System. ■roAMcaw.Book 



Z P B» 


Search memory. 


All this for only C19 m 95 


32 BASIC Programs for PET Computer 
PET and the IEEE 488 Bus (GP1B) 


WATFORD ELECTRONICS 

33 35 CARDIFF ROAD,WATFORD,HERTS. 
Telephone 40588 
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the Heathkit catalogue as your first order, 
and we’ll give you a superb soldering iron 
worth over E10. Plus a 10% discount! 

These kits have been specially 
designed with first-time kit builders 
in mind. So even if you’ve never built 
an electronic kit before you won’t 
find it difficult. In fact, the simple to 
follow step-by-step instructions 
make it easy to build any Heathkit kit. 

And with your special offer 
discount you can afford to see just 
how easy it is. 

Full details of this FREE offer are 
available in the Heathkit 48 page 
catalogue. So send the coupon for your 
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Bean 
ELECTRONIC 


Do something PRACTICAL about your future. 

Firms all over Britain are crying out for qualified people. With 
the right training, you could take your pick of these jobs. 

Now. the British Institute of 
Engineering Technology will train 
you in your spare time to be an 
Electrical Engineer. 

You risk nothing ! We prom¬ 
ise to get you through your 
chosen course-or.refund your 
fee! 

So, join the thousands who 
have built a new future through 
home study Engineering courses. 


Courses in 

C & G Elect. Technicians 
C & G Elect. Installations 
Telecomms. Technicians Exams 
Television Servicing 
Radio Maint. & Repairs (BIET) 
Pract. Radio & Electronics 
Plus over 60 other 
home study Courses. 


POST COUPON FOR FREE 44 PAGE GUIDE 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 









































You can’t beat 
The System. 

The Experimenter System™—a quicker transition from i magi nation 
through experimentation to realization. 




Experimented Matchboard " pre-drilled 
When you have a circuit idea that you want to 
make happen, we have a system to make it happen 
quicker and easier than ever before: The 
Experimentor System. 

You already know how big a help our 
Experimentor solderless breadboards can be. Now 
we've taken our good idea two steps further. 

We've added Experimentor Scratchboard 
workpads, with our breadboard hole-and-connection 
pattern printed in light blue ink. To let you sketch up 
a layout you already have working so you can 
reproduce it later. 


PCBs. 

With Experimentor Matchboard you can go from 
breadboard to the finished product nonstop! We've 
matched our breadboard pattern again, this time on 
a printed circuit board, finished and ready to build 
on. All for about £1.20 

There's even a letter-and-number index for each 
hole, so you-can move from breadboard (where 
they're moulded) to ScratchboardiM (where they're 
printed) to MatchboardTM (where they're silkscreened 
onto the component side) and always know where 
you are. 

When you want to save time and energy, you can't 
beat The Experimentor System. 


Experimentor solderless breadboard 


•fl EXP-300PC. which .ncludes one item 
*• A Matchboard pre-drilled PCB 

£1.20 

O EXP-302, which includes three items 
Three 50-sheet Scratchboar d workpads 

£1.50 

O EXP 303 whit h in< ludei. three items 
“• Two Matchboards and an EXP-300 

£7.60 

A l XP-304. which includes four .terns 
^Mwo Matchboards, an EXP-300 

breadboard and a Scratchboard workpad 

£8.70 

? GLOBAL SPECIALTIES CORPORATION. DEPT.5W 1 

GLOBAL SPECIALTIES CORPORATION I Unit l. Shire Hill Industrial Estate, Saffron Walden, Essex. 


1 ■ Namp ■ 


■ Na ™ ■ 


Inc P&P and 15% VAT 


G.S.C. (UK) Limited, Dept.5W 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex. CB11 3AQ. 
Telephone: Saffron Walden (0799) 21682 
Telex: 817477 


FREE Catalogue tick boxD 
I enclose cheque/ PO for 


er with Access, Barclaycard or 


























SMfjMfflO® electronics 

DEPT P.E. 48 JUNCTION ROAD, ARCHWAY, LONDON N19 5RD 

TELEPHONE 01-263 9493 01-263 9495 100 yds from archway station & 9 bus routi 


YOUR SOUNDEST CONNECTION IN THE WORLD OF COMPONENTS AND COMPUTER! 


£149 IN KIT FORM 
£199 READY BUILT 8 
TESTED 

£225 COMPLETE IN 
CASE 


■ UK101-— 


VIDEO GENIE- 


4K Expansion (8x2114) 
NOW ONLY£i4 00 

No extras required 

★ Free sampler tape 

★ Full Qwerty keyboard 

★ 8K basic incl garbage 
collection routine 

★ Ram expandable to 8K 

on board (4K inc) _ 

★ Kansas City tape interface 



Utilises Z80, 12K level 
II Basic, Integral 
Cassette Deck, UHF 
O/P, 16K RAM, all 
TRS80 features. Simply 
plugs into monitor or 
UHF TV with VU meter. 


£289 


— UK101 MEMORY BOARD— 

★ On board power supply (uses the UK101 
transformer). ★ Facility for 4K eprom expansion. ★ Fully 
buffered for expansion via 40 pin socket ★ 40 pin header 
& 8T28's included. 


Sound generator and combined 
parallell in out port kit contain¬ 
ing P.C.B., AY-3-8910, 6520 
PIA, fully documented 
demo tape. 


Dual Disc Drive Cable 


410.00 

17.00 

32.00 


£29.95 


8K Kit (inc. 16K skts) £79.95. 16K Kit £106.95 
Printed circuit board £29.95 


PARALLEL PERIPHERAL INTERFACE 


P—UK101 COLOUR BOARD — 
A U.K. PRODUCT /?)*> 


UK101 AND SUPERBOARD COMPATIBLE. 

Interfaces to GP80, MX80 series, TX80, centronics PI, 
etc printers. Can operate relays, motors, various other 
peripherals. LED binary display. Plugs into ACIA socket. 
Fully documented. ONLY 

Built and tested. £29.95 



PRINTERS — 

EPSON MX80 £359 

9 x 9 dot matrix, 80 c.p.s. True 
^descenders, various print 
/densities up to 132 columns, tab 
controls both horizontal & 
vertical, bold expanded condens¬ 
ed printing, bidirectional. 

EPSON MX80 FT/1 £399 

Dual single sheet friction and continuous tractor 
feed, 9 wire head, true descenders. 

£449 

FT/1 is high resolution 


EPSON MX80 FT/2 

Additional feature 
graphics. 

EPSON MX70 

Tractor feed, 7 
graphics. 

SEIKOSHA GP80A 


£259 

head, high resolution 


£199 

Dot matrix 5 x 7, 80 columns, 30 cps, graphics, 
double width characters. 


Designed to simply plug into your comp 


and any standard colour television 

g" GLORIOUS 



COLOURS 



Includes full documentation and demonstra-| 
tion tape. 

UK101, Superboard £84.95 

Available for Pet £98.95 

Send for further details. 


-MONITORS 


EG 100 12" Black & White £65 
Moni 9" (illust) B&W £82 

Hitachi Professional Monitors 
9" Black & White £99.95 

12" Black & White £149 








































PET- 


4008 8K RAM 
4016 16K RAM 
4032 32K RAM 
4040 Dual Disk 
Drive 

The new PET printer. 

4022 80 column tractor 

feed. 3023 80 column friction 
feed. C2N Cassette Unit. 

For the business man we 
stock the 8000 range inc. 
8032 and 8050 with daisy 
—wheel printers coming soon. 

COMPLETE 32K SYSTEM 

PHONE FOR MOST COMPETITIVE PRICES 


■APPLE 

Apple 


APPLE II PLUS 

THISTRIE COMPLETE 
SYSTEMS AVAILABLE 
Complete Systems 
16K Machines 
32K Machines 
48K Machines. 

Disk Drive with/without 
Controller. 

Printers - Monitors - Graphics 
Tablet All Available 

PHONE FOR MOST COMPETITIVE PRICES 



PRESTEL BY TANTEL 

The greatest thing since television and 
telephones. Communication at your 
fingertips for business and home. Up to 
date info. 180,000 pages of information 
on Travel, News, Investment, Holidays, 
Hotels, etc. etc. 

Ask Prestel a question and you have 
your answer in seconds in full colour on 
you own TV. Only requires a telephone 
jack socket available from the PO. 



£170 


Tantel is Post Office approved. 
Send for details. 


TRANSFORMERS 


s !« 


ri 220/240V, Volts oul 


60 VOLT RANGE (Split Bee) 

Pri 220/240V Voltages available 6. 8. 

48 itS or2 t2 

i-2 4V or 30V-0-30V. 

124 *3! 

1 4.27 1.20 

127 2 

4 ^8.36 1 60 

8 13.77 1.96 


12 iSif 2:04 

ii ii 

'i ii;!! It 


,5 16.37 ! 


12 OR 24V OR 12-0-12V 


SPLIT BOBBIN Pri 0.240-Sec. 


12-0-12 or 15-0-15V. 


AUTO TRANSFORMED 

/oltaqes available 105, 115, 
190. 200, 210. 220, 230, 240. 

fft. W 80 2 A "" 


S:» 


-NEW- 

Constant Voltage Transformers (1%) 

For "clean" mains to computers or peripherals. 

250 VA £98.00 

500 VA £129.00 

1000 VA £149.00 

Appointed distributors of Galatrek stabilisers 


MAINS ISOLATORS 


(SCREENED) 


£3 

14-61 

ii 



OTHER PRODUCTS 


Soldering lr< 

£1.76 + 30p P& 

De-solder Pumps - Spring k>i 
landed workir^^Laiye g £S.1| 


METAL OXIDE RESISTORS £1.00/100 
(Electrosil) TR4 5% 470/95(1/1800/3600/ 
3900/4300/4700/5100/5600/8200/1K/ 1 
1 K1/1K2/1 K3/1 K6/1 K8/2K4/3K/16K/ 

■'l 20K/130K/180K/220K/270K/300K. 


0-36-48 twice to give 3641-36 48-0- 
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iRapid 
'Electronics 


H/Hero ft House 
Station Road 
Eynsford Kent 



The Rapid Guarantee 


* Same day despatch * Competitive prices 

* Top quality components * In-depth stock 



Be it a career, hobby or* interest, like it or not the Silicon Chip 
will revolutionise every human activity over the next ten years. 

Knowledge of its operation and its use is vital. Knowledge you 
can attain, through us, in simple, easy to understand stages. 

Learn the technology of the future today in your own home. 

MASTER ELECTRONICS STS” 

• Building an oscilloscope. • Recognition of components. 

• Understanding circuit diagrams. • Handling all types Solid State 'Chips’. 

• Carry out over 40 experiments on basic circuits and on digital electronics. 

• Testing and servicing of Radio, T.V., Hi-Fi and all types of modern 
computerised equipment. 


MASTER COMPUTERS 


LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW 
THEY WORK - THEIR 'LANGUAGE' AND HOW TO DO PROGRAMS. 

• Complete Home Study library. • Special educational Mini- 
Computer supplied ready for use. • Self Test program exercise. 

• Services of skilled tutor available. 



MASTER THE REST 


:r 


• Radio Amateurs Licence. • Logic/Digital techniques. 

• Examination courses (City & Guilds etc.) in electronics. 

• Semi-conductor technology. 

• Kits for Signal Generators - Digital Meters etc. 


your FREE brochure 


I am interested in 
PRACTICAL ELECTRONICS _ 

COMPUTER TECHNOLOGY_ 

OTHER SUBJECTSfplease sto 


““ (Block Caps please) 

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL 
4 CLEVELAND ROAD, JERSEY. CHANNEL ISLANDS. 
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New! Sinclair ZX8I 
Personal Computer. 

Kit: £49* complete 



Reach advanced 
computer comprehension 
in a few absorbing hours 


1980 saw a genuine breakthrough - the 
SinclairZX80, world’s first complete 
personal computer for under £100. At 
£99.95, the ZX80 offered a specification 
unchallenged at the price. 

Over 50,000 were sold, and the 
ZX80 won virtually universal praise from 
computer professionals. 

Now the Sinclair lead is increased: 
for just £69.95, the new Sinclair ZX81 
offers even more advanced computer . 
facilities at an even lower price. And ^ 
the ZX81 kit means an even bigger^ 
saving. At £49.95 it costs almost 
40% less than the ZX80 kit! 


Lower price: higher capability 

With the ZX81, it’s just as simple to 
teach yourself computing, but the 
ZX81 packs even greater working 
capability than the ZX80. 

It uses the same micro-processor, 
but incorporates a new, more powerful 
8K BASIC ROM - the ‘trained intelligence’ 
of the computer. This chip works in 
decimals, handles logs and trig, allows 
you to plot graphs, and builds up 
animated displays. 

And the ZX81 incorporates other 
operation refinements-the facility to 
load and save named programs on 
cassette, for example, or to select a 
program off a cassette through the 
keyboard. 


Higher specification, lower price- 
how’s it done? 

Quite simply, by design. The ZX80 
reduced the chips in a working computer 
from 40 or so, to 21. The ZX81 reduces 
the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair and 
custom-built in Britain, this unique chip 
replaces 18 chips from the ZX80! 





Kit or built- 
it’s up to you! 


The picture shows dramatically how 
easy the ZX81 kit is to build: just four 
chips to assemble (plus, of course the 
other discrete components) - a few 
hours’ work with a fine-tipped soldering 
iron. And you may already have a 
suitable mains adaptor-600 mA at 9 V 
DC nominal unregulated (supplied with 
built version). 

Kit and built versions come complete 
with all leads to connect to your TV 
(colour or black and white) and 
cassette recorder. 


Proven micro-processor, new8KBASIC 
ROM, RAM-and unique new master chip. 



New 
Sinclair 
teach-yourself 
BASIC 
manual 


Every ZX81 comes 
with a compre¬ 
hensive, specially- 
written manual-a 
complete course 
in BASIC program- : 
ming, from first principles to con 
programs. You need no prior knov 
-children from 12 upwards soor 
become familiar with computer 
operation. 
















v, improved specification 

30A micro-processor-new faster 
sion of the famous Z80 chip, widely 
recognised as the best ever made. 
• Unique 'one-touch' 
key word entry: 
the ZX81 

eliminates a great 
deal of tiresome 
typing. Key words 
(RUN, LIST, PRINT, 

'■ etc.) have their own 
single-key entry. 

• ©Unique syntax- 
check and report codes 
identify programming 
errors immediately. 

• Full range of mathematical 
and scientific functions accurate 
to eight decimal places. 

F ©Graph-drawing and animated- 
display facilities. 

\ Multi-dimensional string and 
nerical arrays. 



Jp to 26 FOR/NEXT loops. 


tandomise function - useful for games 
well as serious applications. 


Cassette LOAD and SAVE with 
med programs. 

K-byte RAM expandable to 16K 
les with Sinclair RAM pack. 


tole to drive the new Sinclair printer 
>t available yet-but coming soon!) 
Advanced 4-chip design: micro- 
jcessor, ROM, RAM, plus master chip 
nique, custom-built chip replacing 
ZX80 chips. 


sinczlaii“ 

-X8I 

inclair Research Ltd, 

Cings Parade, Cambridge, Cambs., 

521SN. Tel: 0276 66104. 
ig. no: 214 4630 00 


If you own a 
Sinclair ZX80... 

The new 8K BASIC ROM used in the 
Sinclair ZX81 is available to ZX80 
owners as a drop-in replacement chip. 
(Complete with new keyboard template 
and operating manual.) 

With the exception of animated 
graphics, all the advanced features of 
the ZX81 are now available on your 
ZX80-including the ability to drive the 
Sinclair ZX Printer. 

Coming soon- 
theZX Printer. 

Designed exclusively for use with the 
ZX81 (and ZX80 with 8K BASIC ROM), 
the printer offers full alphanumerics 
across 32 columns, and highly sophisti¬ 
cated graphics. Special features include 
COPY, which prints out exactly what is 
on the whole TV screen without the 
need for further instructions. The ZX 
Printer will be available in Summer1981, 
at around £50-watch this space! 



I6K-BYTE RAM 
pock for massive 
add-on memory. 

Designed as a complete module to fit 
your Sinclair ZX80 or ZX81, the RAM 
pack simply plugs into the existing 
expansion port at the rear of the com¬ 
puter to multiply your data/program 
storage by 16! 

Use it for long and complex pro¬ 
grams or as a personal database. Yet it 
costs as little as half the price of com¬ 
petitive additional memory. 



How to order your ZX81 

BY PHONE-Access or Barclaycard 
holders can call 01-200 0200 for personal 
attention 24 hours a day, every day. 

BY FREEPOST - use the no-stamp- 
needed coupon below. You can pay by 
cheque, postal order, Access or 
Barclaycard. 

EITHER WAY-please allow up to 28 
days for delivery. And there’s a 14-day 
money-back option, of course. We want 
you to be satisfied beyond doubt-and 
we have no doubt that you will be. 


Qty 

Item 

Code 

Item price 
£ 

Total 

£ 


Sinclair ZX81 Personal Computer kit(s). Price includes 
ZX81 BASIC manual, excludes mains adaptor. 

12 

49.95 



Ready-assembled Sinclair ZX81 Personal Computer(s). 
Price includes ZX81 BASIC manual and mains adaptor. 

n1 

69.95 



Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 

10 

8.95 



16K-BYTE RAM pack(s). 

18 

49.95 



8K BASIC ROM to fit ZX80. 

17 

19.95 



Post and Packing. 



2.95 


Please tick if you require a VAT receipt □ 

*1 enclose a cheque/postal order payable to Sinclair Research Ltd, for £ _ 

•Please charge to my Access/Barclaycard account no. 

1 I II I I I I I I I 1 

•Please delete/complete as applicable. 

Name: Mr/Mrs/Miss I_I_I_I_L 

I I I I I I I I 

I I I I I I I I I I I. , 

j FREEPOST - no stamp needed. ___ PRE07 | 


I I I 


I I I I 


Please print. 

I I I I 
































DIGITAL THERMOMETER 

issss 

- 


^ SPECIAL SUMMER OFFER!!! 

Of I THIS KIT IS NOW ONLY £23.50 

IF ORDERED BEFORE SEPT 30TH 1981 


■ PROJECT PACKS 

These PROJECT PACKS include PCB, Components and data. 


■ mo *“‘"SS 

;rs;rr 

’■"“'“.IS 

*" i ”&K5 


SHE"Sr' ffl 


NEW SUMMER 1981 CATALOGUE 


gSSSSgssa 

HOWTO ORDER 

Send a cheque or postal order to DORAM ELECTRONICS LTD. or 

"sSSSS*™ 

? T ?r„ M „^S? s °^ E S s L w T i? F „.„ PE „ 

L*—“ a 










































BhPAK 


SEMICONDUCTORS 

DEPT. PE7, PO Box 6, WARE, HERTS. 

Visit our Shop at: 3 Baldock Street, Ware, Herts. 


GIRO NO. 388 7006 
TEL: 0920 3182 
TELEX: 817861 
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If you’re into 
MICROPROCESSORS 
then they should be into an 
M P UroBreadBoard 



alpha numeric indexing 


* MPU Section accepts 24, 28,40 & 64 pin 
DIL microprocessors 

* Auxiliary Areas accept any .3” or .6” RAM, 
ROM or peripheral chip 

* Power Bus Strips on all sides 

* 5 incoming turret Power Terminals 

* Component Support Bracket included 

* Over 1400 contact points 

* Alpha-Numeric column and row indexing 

* Eurocard size (160mm x 100mm) 

* Slots onto all BIMBOARDS 

* Non-Slip rubber backing 

* Ideal for schools and colleges 

* Long life, < 10m.ohms, nickel silver contacts 

The PROFESSIONALS breadboard 
that BEGINNERS can start on 

BOSS mUSJDIU MOULDINGS LID 

2 Herne Hill Rd, London SE24 0AU, England 
Telephone 01 -737 2383 Telex 919693 

Cables & Telegrams: LITZEN LONDON SE24 

Please send me ... . MPUroBreadBoard(s) @ £18. 

This price includes VAT & PP, is applicable from Mar. 1, ’81, 
but please add 15% for Overseas Orders, make cheques/P.O. 
payable to BOSS Industrial Mouldings Ltd and allow 10 days 
for order processing and cheque clearance etc. 

1 enclose a cheque/P.O. to the value of £. 

Name . 

Company. 

Address. 



Milliard Modules 

LP1171 LP1179 LP1186 LP1157 

IF. Strip AM.FM varicap Med 8, Long 

Pair £5.75 £5.00 £2.50 

Complete with Data 

Foster Dynamic Microphones 

200 ohm impedence: £1.75 Pair 

Moving coil Complete on Chassis 

Ultra Sonic Transducers 40KC/S 

Complete on 18” Screened cable £175^ 

Complete unit (uncased requires 1,5V) £3.25 

Stereo Cassette Tape Heads 

Quality replacement for most recorders with mounting 
plate. Record/Replay £2.80 

Hewlett - Packard Displays (5082-7650) high efficiency & very bright 

wtu reptece «n C 707)° n a " 0lle ' le, “"" !ly ,he b " BhteS ' 

Excellent character appearance, evenly lighted ONLY £1.00 each Set of 6 for £5 

'Off segment contrast Categorized for luminous ^ jH| 

intensity, use of like categories yields a uniform 

display. Consumption as low as 3mA per segment. ISM 

designed for multiplex operation. Standard 14 pin Hi 

Vero Computer Frames 

19x8” with 64 runners & guides, 
list price £43. Our price £17.95. 

National 4116oynamic|18K RAM) 
K.^erB. . . 

All items new stock - delivery by return post 

AN items inclusive of VAT & Post Paid. Quantity Discounts 15% per 10. 20% per 50. 


Professional 4SCII Keyboards 



Henrlj 


GUARVNTE n ED e %^h. E d S BR^NDN U E L W,n 



x'l 00M, l £6 M ia E 50p 3 p M & p° UA 


a OM d 2 ^K J ^f S an d £ 

arawsr** 5 £ 

Postage'on'above^icroph^ 


l 


2,n p x 2in meters 500 mA, £4.14 

^^ 5 i,T 5 ; m P.rp me,er 




All above prices include V.A.T. Send 50p for new 1980 fully 
illustrated catalogue, S.A.E. with all enquiries. Special prices for 
quantity quoted on request. 

M. DZIUBAS 

158 Bradshawgate • Bolton • Lancs. BL2 1BA 
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s £1.95 pi 



y to play £ 32.90 


10+10 WATT 
STEREO AMPLIFIER KIT 


; sg ::. 



JlzMf 


HIGH POWER 
MODULE KITS 

125 WATT MODEL £10.50 

plus £1.15 p&p (lllus) 

200 WATT MODEL £14.95 

SPECIFICATIONS f &P 

Max Output power 125 watt RMS 

Operating voltage (DC) 50-80 Max 



accessories 


£ 1.00 


£13.95 

plus £4.00 p&p 


LP1183 


ssssac« 




■4 


aster bass and treble, four extra treble 


wtth 4 to 8 ohms 


323 EDGWARE ROAD. LONDON W2 
21B HIGH STREET. ACTON W3 6NG 
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THE END OF THE TUNNEL? 

HERE have been one or two com¬ 
ments recently that the light at the 
end of the depression is just beginning 
to show and, although many compo¬ 
nent retailers are still finding the going 
a bit tough, there have been a couple of 
announcements recently that give rise 
to hope. 

The main announcement was the 
draft specification on CB from the 
Home Office. Since its publication 
there has been plenty of discussion on 
how it meets the aspirations of the pre¬ 
sent illegal users, which of course it 
never could unless it allowed the 
American standard equipment. We 
believe the proposals are basically 
generous and the "U" turn made by 
HM Government in allowing the use of 
27MHz is probably the best way out of 
the mess created by the delayed 
legalisation of a CB frequency. The 
proposals should give rise to a 
worthwhile system, probably giving 
better performance than the present 
a.m. CB. The Home Office announce¬ 
ment is covered on page 24 in this 
issue, PE will be publishing more on CB 
in the September issue and we will 


make our announcement next month. 

Let us hope that British manufac¬ 
turers will capitalize on the need for 
new sets, accessories and for modifica¬ 
tion of the old transceivers — though it 
may be expensive to get many of them 
to meet the Home Office requirements. 
We look forward to mass use of the 
system by a wide cross section of the 
community and we hope that most of 
the jargon now in use will not continue 
on the new band. One young lady 
(Editor's wife!) proclaimed that there 
was no way she was going to talk 
about "rubber apples and yellow 
ducks", when it was suggested that CB 
could be a great assistance in the 
home, car and office. This view is 
typical of many who are frightened off 
CB by all the "in talk” so let's see 
straightforward use by everyone, old 
and young. 

COMPUTER PRESERVATION 

The second announcement that 
shows problems can be overcome in 
these difficult times came from Lucas. 
They have now bought the old Nascom 
company which has been living "hand 
to mouth" under the receiver for some 


time. The Nascom products were 
basically good and their computers 
have always been in great demand by 
the hobbyist. Lucas Logic propose to 
improve some of the present products, 
introduce a "Nascom case” and are 
talking about the launch of a new 
system before too long. Although the 
company is now owned by Lucas the 
Nascom name will be retained. 

This must be a triumph for all con¬ 
cerned with Nascom during its recent 
problems. It is remarkable that by 
careful handling and great efforts by all 
concerned production has continued 
and every new unit has been eagerly 
snapped up. When many companies 
are struggling for survival this pre¬ 
servation is truly noteworthy. 

On another happy note Inmos have 
received the first Tobie award for 
"Research Achievement" on its 16K 
static RAM. The product has taken 
some time to appear but it looks good 
and should become the 16K industry 
standard. The Electronics Industry (or 
Tobie) Awards were organised in con¬ 
junction with the All Electronics/ECIF 
Show. 

Mike Kenward 
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...news & 

Edited by David Shortland 
& Jasper Scott 


TXs get Teletext 

Thorn Consumer Electronics who recently won a Queen’s Award for 
Technological Achievement with their Ferguson TX colour television 
range have now released three new Teletext models. 


Both the TX 9 chassis (14 to 22in) and the 
TX 10 chassis (22 to 26in) were designed from 
the outset to incorporate remote control and 
Teletext functions without the need for 
component or circuit changes to the chassis. 

Thorn now believe that many of the colour 
sets bought during the boom period in the 
early and mid seventies will be replaced with 
remote control sets incorporating Teletext. 

Nigel Schofield, Thorn’s market analyst, 
said recently, “Almost half of all the 22in sets 
now incorporate) a remote control facility, 
while the figure for 26in sets is almost 70 per 
cent. The consumer desirability of remote con¬ 
trol is evident, and full remote models, in¬ 
cluding those with Teletext, outnumber simple 
remotes by two to one. Towards the luxury 
end of the colour market. Teletext already ac¬ 
counts for over 20 per cent of 26in deliveries 
to the trade, and the current market projection 
is for 175,000 consumer sets this year, which 
entails a tripling of last year’s volume, which 
. had itself shown a 200 per cent increase on the 
previous year." 

Another reason Thorn are confident Tele¬ 
text will become a major force in TV sales is 
that the cost of providing a Teletext facility to 
a remote control TX set is about £90 and this 
figure is expected to drop even further as the 
demand for sets increases. 

Three screen sizes are available in the 
Teletext range: a 20in model (TX 9) and two 
TX 10 models (22in and 26in). The sets are 
designed around the Mullard decoder module 
with full infra-red remote control for all pic¬ 
ture adjustments, channel selection and 
Teletext functions. 

Ferguson have also released three add-on 
accessories for their range of TX models, all 
of which can be quickly fitted by a qualified 
dealer. The isolated chassis of the TX 10 
makes it simple to feed signals in and out 
without the need for isolating components. 

The TA120 enables the audio signal from 
the TV to be connected to a hi-fi system via a 
DIN socket without the loss of sound quality. 


As an extension of the TA120 Ferguson have 
introduced a loud speaker which enhances the 
television sound and is controlled by the TV’s 
remote control. The speaker has been designed 
to be placed alongside or under the television 
and to prevent the loss of colour purity which 
occurs when conventional hi-fi speakers are 
similarly placed the drive units incorporate 
low leakage field magnets. 

For those who wish to use their TVs for 
video recording or for encoded video from a 
video camera then the TA124 incorporates 
high performance buffer amplifiers for two- 
way video and sound signals. The TA124 
enables recorded material to be replayed via a 
video input socket instead of the usual aerial 
socket. 

A battery adaptor (TA92) is also available 
for the TX 9 range of portable TVs which will. 
give up to five hours’ viewing with an 
automatic cut-out to prevent excess battery 



The Verobloc laboratory module is Vero's 
latest solderless breadboard product and 
has been developed to simplify breadboard 
work. It features a large breadboard area 
and has a fully regulated three rail power 
supply (5V d.c. at 750mA, +9V, ±12V, 
±15V at 250mA) which is ideal for both 
TTL and CMOS. 

The system which accepts most sizes of 
d.i.l. packages, diodes, resistors, capacitors, 
transistors and wire links comes ready 
assembled, complete with four Veroblocs 
and two pre-pierced front panels for 
mounting fuseholders, switches, trimpots 
etc. The d.c. voltage supplies may be picked 


Dansette 
to be 

resurrected 

J. J. Silber, who have recently been in the 
news having acquired the brand name of 
Murphy, have announced that they have also 
purchased the Dansette name. 

Many readers will no doubt remember 
Dansette record players and portable radios, 
though the name has disappeared in recent 
years. 

Silber, who believe that Dansette was 
known as a name synonomous with good 
quality budget equipment, feel that there is 
room for a ‘a high volume, low priced, quality 
product,’ and that prospective purchasers will 
be encouraged by the Dansette name. 

There are already plans for the introduction 
of a new range of stereo radio/record players. 
They will be introduced to the market during 
the middle of this year and if all goes ac¬ 
cording to plan they will have a substantial 
price advantage over other products in this 
field, and, claim Silber, will incorporate refine¬ 
ments normally associated with products in 
higher priced markets. 

No figures for the purchase have been dis¬ 
closed, but it has been described as ‘a very 
reasonable sum’. 


up via 2mm jack sockets and toggle 
switches are provided for voltage selection. 

The Verobloc which features tin copper 
nickle alloy contacts has bus strips for 
power distribution on both X and Y axes. All 
the contact positions are identified by 
moulded alpha numeric grid references. 

The price of the Verobloc module 
(184-22880J) is £84 00 excluding VAT 
and p&p. For further details contact Vero 
Electronics Limited, Industrial Estate, 
Chandler’s Ford, Hants. 
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Items mentioned are available through nor¬ 
mal retail outlets unless otherwise specified. 
Prices correct at time of going to press. 



The introduction of the MC88E moving 
coil cartridge is the culmination of an 
intensive product and manufacturing 
development by Coral. Its high output 
voltage of 2-5mV does away with the 
need for a head amplifier or a step up 
device and this has been achieved by 
using a miniaturised armature, a unique 
coil winding technique and a compact 
magnet which generates a high 
magnetic flux density. 


A low impedance has been obtained 
which is less than 1 /20th of a regular 
moving coil cartridge weight. This en¬ 



sures flat, stabilised electrical charac¬ 
teristics over the total audio range. 


Coral's one point suspension system 
in which the centre of each armature is 
fully supported, effectively checks har¬ 
monic and intermodulation distortions 
and accomplishes excellent localisation 
for natural stereo. 

The cartridge's very light weight of 
only Sgrms will enable optimum balan¬ 
cing with most lightweight tone arms. 

The MC88E is available for £29 95 
from Videotone Ltd., 98 Crofton Park 
Road, London SE4 (01-690 8511). 


A GRAND FAIR... 



Quad have finally released a successor to their electrostatic loudspeaker which 
has been a standard in the hi-fi field for twenty-five years. 

The Quad ELS63 which measures 925 x 66 x27mm has an input impedance 
of 8Q (largely resistive) and is suitable for use with amplifiers that have an out¬ 
put rating of 40V peak (100W into 80). Amplifiers which are not short circuit 
protected should not be used with the ELS63. 

The speaker is fitted with two protection circuits: one limits the maximum in¬ 
put voltage applied and the other detects fault conditions and shorts the applied 
signal. Although it is impossible to damage the speaker elements, the input 
voltage limiter can be damaged by persistent overdriving. 

A small word of warning from Quad, however, to all those hi-fi buffs who can 
afford the £1000 price tag for a pair of ELS63's. Quad say that although the 
ELS63 will give a more realistic picture of an acoustic event than has ever before 
been possible, the real excellence of the speakers will only be fully realised if the 
very best source material is used and that ELS63's are very good at revealing 
any recording faults. 

Quad Electroacoustics Ltd., Huntingdon, Cambs. (0480 52561). 



CABINET KITS 


For the loudspeaker constructor who 
a professional finish, Wilmslow Audio 
stock a range of flat-pack cabinet kits 
many popular designs including the 
Wharfedale E50, E70 and E90 
panels are accurately cut to size, and 
boards have the necessary apertures 
and rebated if required. 

When assembled, the cabinets may 
painted, stained, or finished with iron-on 
veneer. 

Wilmslow Audio Ltd., 35-39 Church 
Street, Wilmslow, Cheshire, SK9 IAS 
(0625 529599). 
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...news s 


BASICALLY BRITISH 



A British company, LSI Computers Ltd, have launched into the per¬ 
sonal/small business computer market with the introduction of their M 
Three system. According to LSI, M Three, which has been developed 
with the help of a 25 per cent government grant, offers more ability, 
storage and user satisfaction than any comparable machine at present 
on the market. 

In its basic form, M Three consists of a Zilog Z80 chip surrounded by 
64K of RAM, two double-density mini-floppy disc drives, LSI's own 
VDU with 1920 character green phosphor display and a full functional 
keyboard. In addition to the normal QWERTY layout, the keyboard has 
editing keys, cursor control, numeric pad and fourteen programmable 
function keys. 

It comes equipped with a CPM operating system and is programmable 
by users in high level languages such as BASIC, COBOL, etc. Applica¬ 
tions software is also available from LSI including accounting, payroll, 
and stock control. 

Prices for M Three range from £3000 to £4000. LSI can also supply 
suitable printers and other hardware. 


MAILORDER 

The latest 24 page catalogue from Rapid 
Electronics shows a large increase in their 
range of components and hardware. Rapid 
have also increased their stockholding so 
that they are able to offer a return of post 
service with an immediate refund made 
against any item out of stock. 

The catalogue is available upon receipt of 
two 14p stamps. Rapid Electronics Ltd., 
Hillcroft House, Station Road, Eynsford, 
Kent (0322 863494). 

A leaflet is available from Cotswold Elec¬ 
tronics Ltd., describing their "budget range" 
of toroidal transformers in 30, 60, 100, 
160, 230, 330 and 530VA sizes and at 
prices ranging from €4-55 to £15-80. 

Cotswold will accept "freepost" cheques, 
P.O.’s, money orders, Access and Bar- 
claycard, and will accept credit card orders 
on a 24 hour answering service. All the 
customer needs to do is quote a type num¬ 
ber, mains voltage, secondary voltage, VA 
rating and quantity required. 

All types are normally supplied with 240, 
110 or 220V primary windings but special 
windings can be supplied on request. Dual 
secondary windings from 6 + 6V to 50 + 
50V are available and the choice is deter¬ 
mined by the VA rating. The secondary 
windings can be operated'in series, parallel 
or independently. 

Cotswold Electronics Ltd., Unit T1, 
Kingsville Road, Kingsditch Trading Estate, 
Cheltenham (0242 41313). 

VERSATILE 

milLTimETER 

The latest multimeter from Thurlby is the 
1503 DMM which offers the bonus of a 
built-in frequency meter. Frequencies up to 
3999-9kHz can be measured directly with a 
resolution of 100Hz. Accuracy is ±1 digit 
over a 10°C-30°C temperature range and 
is defined by a 6MHz crystal timebase. A 
movable decimal point allows for external 
pre-scaling by those wishing to extend the 
measurement range to 40MHz or 400MHz. 

In normal multimeter mode, the instru¬ 
ment has a high resolution 4% digit scale 
length and sensitivity figures of 10\iV, 

10mCl and InA. There are 32 ranges 
provided enabling measurement of a.c. and 
d.c. voltage, resistance, diode test, and a.c. 
and d.c. current up to 25 amps. 

The 1503 which is.priced at £139 plus 
VAT has a liquid crystal display and can be 


powered from internal batteries or from the 
mains. 


Thurlby Electronics Ltd., Office Suite 1, 
Coach Mews, The Broadway, St. Ives, Hun¬ 
tingdon, Cambs (0480 63570). 



POINTS 
ARISING . . . 

POSITIVE IMPEDANCE 
CONVERTORS (June '81) 

The tables mentioned in the worked exam¬ 
ples of filter design can be found in 'Sim¬ 
plified Modern Filter Design' by Philip 
Gaffe, published by lliffe. 

ENLARGER TIMER (March '80) 

Here, switches S4, 5, 6, 11, should be 
push-button normally off types. ICs 14, 15, 
16 shown in Fig. 1 should be decoupled, 
that is, have lOOn capacitors connected 
between +5V and 0V. 


Practical Electronics July 1981 





■HARISES MAte 


NEW DECREE 

North Cheshire College have recently an¬ 
nounced the launching of a new Bachelor of 
Education degree entitled “Computers in In¬ 
dustrial Society”, which will be validated by 
the University of Manchester. The first stu¬ 
dent entry will be in September this year. 

The degree has been planned to suit stu¬ 
dents with an arts background as well as those 
with a background in science, and it covers 
not only the technical aspects of microelec¬ 
tronics, but also the implications for industry 
and society in general. 

In addition to periods of practical ex¬ 
perience in schools, students will spend some 
time with an industrial or commercial 
organisation. This will be of particular value to 
those students not wishing to become 
teachers. 

For further information, contact: Admis¬ 
sions (C.I.S.), North Cheshire College, 
Padgate Campus, Fearnhead, Warrington 
WA2 ODB (0925 814343 Ext. 6). 


Video Show Oct. 16-18. West Centre Hotel, London. Z1 
International Business Show Oct. 20-29. NE Conference, Birmingham. 
A2 

Testmex Oct. 27-29. Wembley Conference Centre, London. T 
Computer Graphics (Exhibition & Conference) Oct. 27-29. O 
BEX Southampton Nov. 4-5. Polygon Hotel. K 
Viewdata & TV User Nov. 4-6. West Centre Hotel, London. Z1 
IFSEC (Fire & Security) Nov. 17-19. RDS, Dublin. V 
Compec Nov. 17-20. Olympia, London. Z1 
BEX Plymouth Nov. 18-19. Holiday Inn. K 
INTRON Nov. 24-26. RDS. Dublin. V 

There are Continuous Events and Permanent Exhibition at the National 
Micro & Electronics Centre. LI 


A1 Inst. Electronics, Rochdale, Lancs. 

A2 Hart Browne & Curtis f 01 -439 8556 
A3 Sybex, 18 Rue Planchat, F-75020 Paris 
B2 Brintex ( 01-637 2400 
B5 Robin Bradbeer, N. London Polytechnic 
B7 Modmags ( 01-437 1002 
B8 Baroness International f 01-734 2907 
B9 BAEC, Penarth, S. Glam. ( 0222 707813 
C Barry College Radio Soc. if 0222 565656 
D Liverpool Univ., Brownlow Hill, PO Box 147 
D1 Infopress, 58 Fleet St. London 
E Evan Steadman, Saffron Walden f 0799 22612 
FI ARS Electronica, 34 High St., Saffron Walden 
I ITF, Solihull t 021-705 6707 
K Douglas Temple, Bournemouth ( 0202 20533 
L1 World Trade Centre 01-488 2400 
M Montbuild Exhibitions ( 01-486 1951 
O Online, North wood, Middx. f 09274 28211 
Q Exhibitions For Industry ( 0883 34371 
T Trident, Tavistock ( 0822 4671 

V SDL ( Dublin 763871 

VI Jack Tootill, Ipswich { 0473 44047 

X Exhibition & Conference, Harrogate f 0423 62677 
Z BETA Exhibitions ( 01-405 6233 
Z1 IPC Exhibitions, Sutton ( 01-643 8040 


Bnuntdoiufi... 


Please check dates before setting out, as we cannot guarantee the ac¬ 
curacy of the information presented below. 

Transducer/Tempcon June 9-11. Wembley Conference Centre, 
London. T 

Components June 9-12. Earls Court, London. I 

Pet Computer Show June 18-20. West Centre Hotel, London. B8 

Compec North June 23-25. Belle Vue Hotel, Manchester. Z1 

International Word Processing Exhibition & Conference June 23-26. 

Wembley Conference Centre, London. Z 

BEX Salisbury June 24-25. City Hall. K 

Leeds Electronics Show June 30-July 2. University of Leeds E 

National Education & Training (Exhibition & Conference) July 2-4. 

NEC, Birmingham. B2 

BEX Portsmouth July 15-16. Centre Hotel. K 

BAEC Amateur Electronics Exhibition July 18-26. The Shelter, 

Penarth Esplanade, S. Glam. B9 

Microcomputer Show (& Seminars) July 29-31. Wembley Conference 
Centre. O 

Solar Energy Exhibition Aug. 23-28. Brighton. M 
Harrogate Int. Fest. of Sound Aug. 15-18. Royal Hall Exhibition Cen¬ 
tre & Hotels. X 

BEX Cardiff Sept. 3-4. Centre Hotel. K 

Business & Light Aviation Sept. 3-5. Cranfield Airport. Z1 

Microprocessor Workshop Sept. 7-8. University of Liverpool. D 

Laboratory Sept. 8-10. Grosvenor House, Park Lane, London. I 

Personal Computer World Show Sept. 10-12. Cunard Hotel, London. 

M 

West of England Electronics Show Sept. 15-17. Bristol Exhibition 
Centre. Q 

Business Telecoms & Electronic Office Sept. 23-25. Royal Lancaster 
Hotel. O 

BEX Edinburgh Sept. 30-Oct. 1. Assembly Rooms. K 
Viewdata Oct. 6-8. Wembley Conference Centre, London. O 
BEX Bristol Oct. 14-15. Exhibition Centre. K 


INSTANT ROM 

A new programming aid for users of 
microcomputers (particularly the Com¬ 
modore PET) has recently been announced 
by Greenwich Instruments Ltd. 

Instant ROM is a CMOS memory 
package (2 or 4K) with battery back-up 
which plugs into any standard 
ROM/EPROM socket, or into the ROM ex¬ 
pansion sockets of the PET and similar 
microcomputers. It can be treated as RAM, 
and machine code programs can be written 
into it. What makes Instant ROM unique is 
that the programs remain after the power 
has been switched off. It therefore behaves 
exactly like a ROM. Programs can be edited 
or altered immediately without erasure 
problems, yet the program is permanent. 

When used with personal computers 
such as the PET, Instant ROM enables the 
user to write security and utility programs 
quickly, run and debug them, and then 
finally consign the correct program to 



EPROM. However, as the battery life is 
typically 6 years, it is also possible to ship a 
system with Instant ROM and to supply the 
ROM later. 

Prices, exclusive of VAT, are as follows: 
2K devices: 2516 (for PET) and 2716 — 
£39 inc. p&p; 4K devices: 2532 (for PET) 
and 2732—£56 inc. p&p. For further infor¬ 
mation contact Greenwich Instruments 
Ltd., 22 Bardsley Lane, Greenwich, London 
SE109RF (01 -853 0868). 
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The first portable 
scope with a 
component tester. 



Capadtor33uF TransistorE-C TransistorB-E B-EluF + 68ohms 


Oscilloscope Specifications: 

Y Deflection X Deflection 

Bandwidth: DC -10 MHz (-3dB) Timebase: 0.2s-0.2 ps/cm 

Overshoot: Lessthan1% Triggering: 2Hz-30MHz(3mm) 

Sensitivity: 5 mV - 20 V/cm Auto + level control 

Input Imp: 1 M ohm // 25pf Bandwidth: 2Hz • 1 MHz 


General Information 


Component Tester: 
Calibrator: 

Power Supplies: 
A.C. Input: 

Weight: 

Size: 


For single components and In circuit 
0.2V ± 1 % for probe alignment 
Regulated Including high voltage 
110,127.220,237, VAC., 50 - 60 Hz 
8-V. Lbs. 

4-’/a'H x x 10-7/16‘D 


For further information on HAMEG’s full range of top 
performance oscilloscopes, contact: 

HAMEG LTD. 

74-78 Collingdon Street, Luton, Beds. LU1 1RX 
Tel: (0582)413174 
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Scenarios 

Imagine an industry once employing 
505,000 regular whole-time workers now 
reduced to about 185,000. A dramatic 
decline by any standards and un¬ 
questionably qualifying for the use of words 
and phrases such as decimation, massacre, 
crucifixion or, at the very least, an obscenity 
or a national scandal. I choose the words, 
almost at random, from the current 
vocabulary of political hyperbole endlessly 
chanted in Westminster and the media. 
One might also expect a scream of anguish 
with over 300,000 honest and hard¬ 
working citizens 'thrown on the scrap 
heap'. 

And yet this particular industry invites 
not a word of criticism and is not only ad¬ 
mired but publicly highly praised. I refer to 
British agriculture, often described as the 
envy of the world and rightly so, with this 
comparatively tiny workforce producing 70 
per cent in value of the food consumed by 
the nation's 56 million people and with a 
good export record as well. 

Of course employment in agriculture has 
been declining over a long period. In 1801 
it employed 36 per cent of the working pop¬ 
ulation. By 1901 the figure had dropped to 
9 per cent. But the figures quoted in my 
opening sentence are recent history, the 
period from 1960-1980. In 1960 the 
average wage of the half-million workers 
was £10-58. In 1980 the slimmed-down 
workforce was averaging close on £80 a 

A similar scenario is now being enacted 
in manufacturing industry. Here again, slim¬ 
ming down has been taking place over 
many years but during the last decade was 
artificially delayed. The present phase of 
catching up (the alternative to going broke) 
is the natural and foreseeable result, with 
severe dislocation compounded by the 
general recession in trade. 

The electronics industry with but few ex¬ 


ceptions (e.g. ICL) has not only survived but 
prospered during the past two difficult 
years. It had, and still has, everything in its 
favour. It is a growth industry, it is highly in¬ 
novative and, above all, it is still a young 
industry unhampered by traditional work 
practices which have proved such a curse 
in, for example, shipbuilding and steel. 
There are few industrial problems in in¬ 
troducing new processes and methods and 
in fact most of them originated in the in¬ 
dustry itself. Computer-aided design (CAD), 
automatic component insertion, computer- 
aided manufacture (CAM) and, at the end of 
the line, automatic test equipment (ATE). 
No wonder output doubles and doubles 

Even in electronics it is not an easy ride, 
particularly in the depressed areas of con¬ 
sumer electronics struggling against the 
flood of imports from the Far East. But UK 
manufacturers are grasping the nettle with 
products like the Ferguson TX TV, and 
Fidelity's new colour TV, the design of 
which cuts component count by 40 per¬ 
cent. In capital goods the outlook remains 
buoyant and morale is high. 

Will the older industries follow the exam¬ 
ple of electronics with get-up-and-go? Let’s 
look at BSC's Llanwern steelworks in South 
Wales. This modern plant was plagued by 
industrial disputes in which one or other of 
17 unions was generally involved. Both 
productivity and morale were low. The 14- 
week steel strike in the spring of 1980 was 
a catalyst which helped changed attitudes. 
The realisation came that you had to feed 
the cow before you could milk it. 

In just one year from the strike, Llanwern 
has doubled productivity and has now 
almost reached the productivity levels of 
the best in Europe. Demarcation has all but 
disappeared, absenteeism is all but absent, 
inter-union squabbles are forgiven and 
forgotten. Manning levels have been 
reduced by 60 per cent and everybody at 
Llanwern is much happier than in the past, 
especially so since production is to increase 
beyond that in the original slimming-down 
programme. Success has replaced failure, 
optimism has replaced despair. 

It is now clear that Llanwern and its 
sister plants are not isolated exceptions. 
Textiles, one of the hardest hit industries, is 
now showing signs of recovery. Uncertainty 
in recent months is turning to confidence 
with investors returning to buy company 
shares and the recession 'bottoming out'. 


Inmos 

Inmos is thankfully now showing positive 
signs of life. This is the controversial VLSI 
company formed with financial backing 
from the British taxpayer and promising to 
establish large production facilities (for 
4,000 people) in the UK. I was reporting 
this news in the November 1978 issue of 
PE, together with news of a 50/50 
GEC/Fairchild project which I forecast 
would be in production ahead of Inmos. 

Well, I was wrong in respect of 
GEC/Fairchild. The idea was dropped when 
Fairchild was acquired by Schlumberger 
and GEC has since taken a different path. 


Inmos, however, continued in business, 
first absorbing £25 million of start-up cash 
and then a further £25 million. A pilot 
production plant was set-up, not in a 
depressed area of the UK, but in Colorado 
Springs, USA. So far as extra employment 
in the UK has been created, there is almost 
a nil return except for a handful of experien¬ 
ced people who would have had no dif¬ 
ficulty in finding employment anyway. 

The good news is that Inmos now has 
some semiconductor products to sell and 
has started setting up a distribution chain in 
the UK and the rest of Europe. Dr. Richard 
Petritz, the American president, chief ex¬ 
ecutive and co-founder of Inmos, is not 
promising instant success. He accepts that 
the coming year is full of risk with spending 
continuing at a high rate and sales still very 
small. 

While wishing Inmos every success I 
remain sceptical that there will be any 
serious production in the UK, at least for a 
number of years. And it takes a good deal of 
imagination to believe that Inmos will ever 
employ 4,000 people in the UK in four fac¬ 
tories. In fact only one is in construction. 
But Inmos has an imaginative outlook and 
the dream could still come true I 


Shuttle 

The spectacular success of NASA's 
Space Shuttle is wonderful news for all 
technologically based industries if only in 
re-establishing confidence and redressing 
the bblance with the ecology and anti¬ 
nuclear lobbies. They have had con¬ 
siderable success in their knocking 
campaigns with the implication that all 
technology is harmful, its application 
shameful. Yet, these same lobbyists 
shamelessly use cars (responsible for more 
casualties than war), exploit television for 
propaganda, and some occasionally enjoy a 
hot bath by courtesy of atomic energy. 


HF Radio 

Twenty years ago as communication 
satellites started going into orbit there was 
much talk of the death of HF radio and sub¬ 
marine cables, the historical methods of 
long-distance communication. The 'experts' 
were wrong on both predictions. Sub¬ 
marine cables have prospered mightily, 
aided by new technology. And if HF radio 
today carries a less percentage of total traf¬ 
fic it still carries more than in the past. 

Far from being in a terminal condition, 
HF radio has been honoured with two 
Queen's Awards: Marconi Communications 
for technological achievement with their 
fast-tuning techniques launched in 1976 
and now in a second generation, and Racal 
Communications for export achievement 
with a trebling of overseas business in the 
past three years. 

Redifon has also introduced a new 
professional quality HF receiver, the R500, 
company-funded, which adds weight to the 
proposition that HF radio will remain a 
valuable asset in the communications 
business to the end of the century and 
beyond. 
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27MHz and 934MHz F.M. 


A s most readers will by now be aware the Home Office have 
issued a Draft Performance Specification on CB to be 
operated on 27MHz and 934MHz f.m. The draft is in our view 
generous in its outline of 40 and 20 channel systems respectively 
with effective radiated powers of 2W—on 27MHz—and 3W 
(integral aerial!) or 25W on 934MHz. 

Perhaps the only criticism that CB enthusiasts will level at it 
is that the selected frequencies are not compatible with those of 
any other country, but since there is little “legal” compatibility 
between most of the other systems anyway, the problems may 
not be too great. This would however limit the sale of UK-made 
equipment. 

One point that the spec, does make very clear is that no 
equipment with the ability to transmit an a.m. signal will be per¬ 
mitted. Present sets will remain illegal, they may be converted to 
f.m. but they will have to conform to the spec, in every way, 
and will need to be marked with the official mark to show that 
they do. 

At the time of writing, the Home Office expect to publish the 
final spec, through HMSO at or near the end of May and 
presumably the Control of Manufacture and Importation order 
1968 will be amended soon after to enable sets to be made, etc. 

We publish here the letter we received from the Home Office, 
the 27MHz forward (934MHz is virtually the same) and section 
1 of the 27MHz draft (General) plus the differences in the 
934MHz draft. 

The full drafts run for 25 and 22 A4 size pages. 

CITIZENS BAND RADIO SPECIFICATIONS 

Thanks for your enquiry about the technical specification for 
authorised citizens band radio equipment. 


It is hoped that a legal system of citizens band radio will be 
introduced later in the year. This will operate in the 27MHz 
band and the 934MHz band and as promised I enclose a copy of 
the draft specifications for each of these. 

These draft specifications will be considered by a land mobile 
radio specification committee whose normal membership of UK 
manufacturing interests has been slightly augmented in this case. 
This committee is scheduled to hold its first meeting on the 24th 
April and if you have any comments on the specification I would 
be grateful if you would let me have them in writing prior to that 
date so that they may be taken into account. 

The technical standards set out in the specifications will be 
reflected in regulations under Part II of the Wireless Telegraphy 
Act, 1949. These will set standards for equipment to which 
manufacturers, importers or assemblers will have to conform; 
they will also contain a requirement for conformity to be 
certified by the manufacturer, importer or assembler. 

The Radiotelephonic Transmitters (Control of Manufacture 
and Importation) Order 1968 (SI 1968/61) prohibited the 
importation and manufacture of citizens band equipment. The 
Order remains in force and covers equipment capable of 
transmitting on any frequency between 26-1 MHz and 
29-7MHz, but in due course provision will be made for 
manufacture and importation of equipment which meets the 
technical requirements as they are finally established. 

Citizens’ band equipment operating with amplitude modula¬ 
tion will remain illegal under the new facility. Sets may be 
converted, provided that they then conform in all respects with 
the authorised technical standards. 

Home Office 
27.4.81 


FOREWORD 

1. Citizens Band Radio, a personal two-way radio system, is 
available for use throughout the United Kingdom. It operates in 
the 27MHz waveband and the 930MHz waveband. 

2. The Wireless Telegraphy Act 1949 provides that no radio 
equipment may be installed or used except under the authority 
of the Secretary of State. AH citizens- band radio equipment, 
whether hand held, mobile or base station, must be covered by a 
licence; it is a condition of this that the apparatus fulfils, and is 
maintained to, certain minimum technical standards. This 
specification sets out these standards for 27MHz f.m. equip¬ 
ment; 934MHz f.m. equipment is subject to a separate specifica¬ 
tion. 

3. The manufacturer, assembler, or importer of citizens band 
equipment is responsible for ensuring that the apparatus con¬ 
forms with the specification; and any additional requirements 
imposed by regulations under the Wireless Telegraphy Act 
1949. Conformity with the required standards may be 
established by tests carried out by the manufacturer, assembler 
or importer, or by a reputable test establishment acting on his 
behalf, but in either case conformity with the specification will 
remain the responsibility of the manufacturer, assembler or 
importer. 


1 GENERAL 

1.1 Scope of specification 

This specification covers the minimum performance require¬ 
ments for angle modulated radio equipments, comprising base 
station, mobile and hand-held transmitters and receivers or 
receivers only and additionally any accessories e.g. attenuators, 
power amplifiers, vehicle adaptors for optional use with the 
above for use in the Citizens Band Radio service. 

For all equipments covered by this specification, the nominal 
separation between adjacent channel carrier frequencies is 
10kHz. 

1.2 Permitted effective radiated power 

The output radio frequency power of the equipment is limited 
to 4W. With the antenna permitted for use with the equipment 
this gives an effective radiated power of 2W. 

If an antenna is mounted at a height exceeding 10m the 
licence will require a reduction in transmitter power of lOdB. 

To enable the user to accomplish this easily the equipment 
manufacturer should provide as a standard accessory an 
attenuator having a nominal attenuation of lOdB, which may be 
purchased by the licensee. 
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1.3 Operating frequencies 

The equipment shall provide for transmission and reception 
only of frequency modulated emissions on one or more of the 
following radio frequency channels: 


Channel 1 27-60125MHz 
Channel 2 27-61125MHz 
Channel 3 27-62125MHz 
Channel 4 27 63125MHz 
Channel 5 27-64125MHz 
Channel 6 27-65I25MHz 
Channel 7 27 66125MHz 
Channel 8 27-67125MHz 
Channel 9 27-68125MHz 
Channel 10 27-69125MHz 
Channel 11 2770125MHz 
Channel 12 27-71123MHz 
Channel 13 27-72125MHz 
Channel 14 27-73125MHz 
Channel 15 27-74125MHz 
Channel 16 27-75125MHz 
Channel 17 27-76125MHz 
Channel 18 27-77125MHz 
Channel 19 27-78125MHz 
Channel 20 27-79125MHz 


Channel 21 27-80125MHz 
Channel 22 27-81125MHz 
Channel 23 27-82125MHz 
Channel 24 27-83125MHz 
Channel 25 27-84125MHz 
Channel 26 27-85125MHz 
Channel 27 27-86125MHz 
Channel 28 27-87125MHz 
Channel 29 27-88125MHz 
Channel 30 27-89125MHz 
Channel 31 27-90125MHz 
Channel 32 27-91125MHz 
Channel 33 27-92125MHz 
Channel 34 27-93125MHz 
Channel 35 27-94125MHz 
Channel 36 27-95125MHz 
Channel 37 27 96125MHz 
Channel 38 27-97125MHz 
Channel 39 27-98125MHz 
Channel 40 27-99125MHz 


Citizens Band Radio equipment shall not contain facilities for 
transmission of radio frequencies other than those listed above, 
and those contained in MPT. (this specification — Ed.) 

Single channel equipment may be tested on any one of the 
approved channels. Multi-channel equipment shall be equipped 
to operate at the centre, and the upper and lower limits of the 
frequency range over which channel switching is possible. 



Fig. 1: Letter and figure height not less than 1 mm 
1.7 Controls 

Those controls, which if maladjusted might increase the 
interfering potentialities of the equipment, shall not be easily 
accessible. 


934MHz VARIATIONS 

1 GENERAL 

1.1 Scope of specification 

This specification covers the minimum performance require¬ 
ments for angle modulated radio equipments, comprising base 
station, mobile and hand-held transmitters and receivers or 
receivers only and additionally any accessories, for example 
power amplifiers, attenuators, vehicle adaptors for optional use 
with the above for use in the Citizens’ Band Radio service. 

For all equipments covered by this specification the nominal 
separation between adjacent channel carrier frequencies is 
25kHz. 

1.2 Permitted effective radiated power 

The output radio frequency power of the equipment is limited 
to 8W for equipments which has terminals for connexion of a 
separate antenna. With the antenna permitted for use with this 
equipment this gives a maximum effective radiated power of 
25W. 

For equipment with an integral antenna the effective radiated 
power is limited to 3W. 


1.4 Permitted modulation 

Only equipment which employs frequency or phase modula¬ 
tion and has no facilities for any other form of modulation will 
meet the requirements of this specification. 

1.5 Labelling 

The equipment shall be provided with a clear indication of the 
type number and name of the manufacturer. 

1.6 Certification of compliance 

Compliance with this specification shall be indicated by an 
authorised mark stamped or engraved on the front panel of the 
equipment. 

The mark used to indicate compliance shall be as shown in 
Fig. 1. 


1.3 Operating frequencies 

The equipment shall provide for transmission and reception 
or reception only of frequency modulated emissions on one or 
more of the following radio frequency channels: 


Channel 1 934-025MHz 
Channel 2 934 075MHz 
Channel 3 934 125MHz 
Channel 4 934 175MHz 
Channel 5 934 225MHz 
Channel 6 934 275MHz 
Channel 7 934-325MHz 
Channel 8 934-375MHz 
Channel 9 934 425MHz 
Channel 10 934 475MHz 


Channel 11 934-525MHz 
Channel 12 934-575MHz 
Channel 13 934 625MHz 
Channel 14 934-675MHz 
Channel 15 934-725MHz 
Channel 16 934-775MHz 
Channel 17 934-825MHz 
Channel I8 934-875MHz 
Channel 19 934 925MHz 
Channel 20 934-975MHz 


(Although the specification quotes 25kHz separation the allocated channels 
are at 50kHz spacing—we are informed that this will be clarified at a later 
date — Ed.) 


The separation between the “27MHz” frequencies now being 
used illegally and these proposals will obviously make the task 
of restricting any continuing illegal use that much more easy. It 
should also mean that, providing illegal use can be stopped, the 
radio control modellers should be free of interference from 
British CB. 

It is anticipated that these proposals are realistic enough to 
encourage widespread use of the new service (hopefully without 
all the codes and jargon) and thus encourage illegal users to con¬ 
vert. 

We do not yet know the restrictions and cost of a licence or 
(at the time of writing) the date of the introduction of the 
service—our guess is early September, but it is a guess. 


ANNOUNCEMENT 

PE will be publishing more on CB 
in the September issue. A full an¬ 
nouncement will be made next 
month, when all will be revealed! 
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mm STEREO TUNER 


T HE PE Quasar is an AM/FM stereo tuner which incor¬ 
porates three ready-built and aligned modules: FM tuner 
(LP1179), r.f.-i.f. amplifier (LP1181) and a frequency multi¬ 
plexed stereo decoder (LP1401). The design of the Quasar 
enables the completed tuner to be easily aligned using just 
a multimeter and a screwdriver. 

CIRCUIT DESCRIPTION 

The main circuit diagram of the PE Quasar is shown in 
Fig. 1. 

The FM tuner is a ready-built and aligned VHF module 
(LP1179) with 75 and 300 ohms aerial inputs which has 
capacitance tuning for AM. Frequency drift on the FM wave¬ 
band is counteracted by a built-in varicap diode across the 
oscillator circuit which facilitates the use of automatic fre¬ 
quency correction (a.f.c.) with a variation of +0-5V (ref. zero) 
equalling a frequency shift of ± 100kHz. The output from the 
tuner is connected to the i.f. circuit via a 10-7MHz ceramic 
filter (XLI). The output signal from the filter only becomes 
significant when the input signal corresponds to 10'7MHz. 
The filter then acts as a high Q tuned circuit. 

The i.f. signal from the front end is matched to the ceramic 
filter and is applied to IC1 via pin 1. IC1 is a TDA1200. This 
i.c. integrates i.f. amplification and limiting (three stages 
with a level detector for each stage) with a balanced 
quadrature FM detector, an audio amplifier with a muting 
facility and a voltage regulator. 

The complete system includes such features as an a.f.c. 
drive circuit and tuning meter drive. The a.f.c. output on pin 
7 is reference to +5-6V and because the tuner module's 
a.f.c. is designed to operate with reference to zero volts, it is 
necessary to apply a stabilised voltage of approximately 


—4V. Providing L2 is correctly adjusted, VR1 can be set to 
obtain the necessary zero volts at the junction of R2 and R4. 
INTERSTATION MUTING 

Because of the high overall gain of the FM tuner a high 
level of noise can occur when tuning between stations. This 
noise can be reduced by interstation muting which keeps the 
audio stages inactive until a signal of pre-determined 
strength is received. The muting level in the Quasar can be 
altered by changing R13. A higher value reduces the muting 
whilst a lower value increases it. 

STEREO DECODER 

A block diagram of the LP1401, which is a ready-built and 
aligned frequency multiplexed stereo decoder, is shown in 
Fig. 2. 

The multiplexed stereo output from pin 6 of IC1 is fed via 
R5 and C6 to the decoder where a splitter circuit extracts 
the stereo and mono signals. De-emphasis is applied to both 

" 1 

SPECIFICATION 

MW520 to 1640kHz sensitivity 400nVm for 15dB s/n ratio 
LW150 to 265kHz sensitivity 900(iVm for 15dB s/n ratio 
IF470kHz 

VHF88 to 104MHz sensitivity 8|iV for 30dB s/n ratio 

Limiting 10mV or better 

AFC ± 100kHz 

IF 10-7MHz 

IF rejection 40dB min 

Image rejection 40dB min 

Stereo separation 38dB at 1kHz 
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Fig. 2. Block diagram of the LP1401 stereo decoder 


signals to improve the signal to noise ratio by attenuating 
the background noise whilst equalising the signal. The 
19kHz pilot tone is also extracted and the 38kHz sub carrier, 
which was suppressed in the transmitted signal, is 
regenerated by a frequency doubler which is also amplitude 
limited to reduce noise. The sub carrier is then added in 
correct phase to the stereo signal and fed to the matrix 
where the original left and right channel signals are 
retrieved. 

In the mono state the Schmitt trigger, stereo indicator 
lamp and the stereo on/off gate are all inactive. Only the 
mono signal is passed through the matrix to each channel. 

The stereo enable switch is triggered by the 19kHz pilot 
tone. For good reception the strength of the stereo signal 
has to be high; a poor stereo signal would sound better in 
mono. The level of the pilot tone is monitored and for the 
Quasar to switch to the stereo mode the pilot tone signal 
must be higher than 15mV r.m.s. 

When the stereo switch is operated a d.c. output from the 
detector circuit operates the Schmitt trigger which switches 
on the stereo indicator lamp and the demodulator. 

The use of a manual mono/stereo switch enables the 
mono mode to be selected when a stereo signal is being 
received. 

AM I.F. MIXER 

The MW/LW ferrite rod aerial affords adequate sensitivity 
to all but the weaker signals. However, an extra winding is 
provided for an external aerial. Signals from the ferrite aerial 
are fed to the input of the LP1181. This module, which is 
pre-aligned, performs the functions of a local os¬ 
cillator/mixer, i.f. amplification, detection and a.g.c. Resistor 
R20 acts as the "diode load” and tuning meter drive. 



POWER SUPPLY 

The circuit diagram of the power supply is shown in Fig. 3. 
The power supply is a voltage doubler circuit. The un¬ 
regulated supply appears across the positive terminal of C23 
and the negative terminal of C24. The design is unconven¬ 
tional only as far as the negative line is regulated and 
designated as OV with the —4V negative supply rail derived 
via R25. This voltage which is Zener stabilised and 
decoupled by C26 is used for a.f.c. offset. 

CONSTRUCTION 

The p.c.b. design for the main board of the Quasar is 
shown in Fig. 4 with the component layout shown in Fig. 5. 
Before fitting the FM tuner (LP1179) the AM oscillator trim¬ 
mer screw on the tuner should be removed (Fig. 6). Carefully 



check the orientation of IC1 and the AM module (LP1181) 
before soldering. Also note the position of the fixed coil LI 
which is used in place of a variable inductor. The MW/LW 
aerial assembly should be soldered last as shown in Fig. 7. 
After soldering the aerial assembly should be glued to the 
p.c.b. 

The power supply p.c.b. design is shown in Fig. 8 with the 
component layout shown in Fig. 9. After these two p.c.b.s 
have been soldered, carefully check the orientation of all the 
components and that none of the tracks are shorted out by 
slivers of solder. 



Fig. 7. Wiring details for the aerial assembly 
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COMPONENTS . 



Resistors 



R1 

68 


R2 

15k 


R3 

330 


R4 

22k 


R5.R8.R9.R20 

10k (4 off) 


R6 

4k7 


R7 

3k9 


R10.R19.R25 

680 (3 off) 


R11.R16.R18 

802 (3 off) 


R12.R17 

1 k5 (2 off) 


R13,R14,R22,R23 

180k (4 off) 


R15 

39k 


R21 

100 


R24 

820 


*R26,R27 

2k2 (2 off) 


All resistors y to j-W 10% 



Potentiometers 



VR1 

10k preset 


Capacitors 



Cl 

470n 


C2,C3,C8,C11 

10n (4 off) polyester 


C4 

390p polystyrene 


C5,C9,C10,C22,C27 

10On (5 off) 


C6.C16,C17 

10p 25V (3 off) elect. 


C7 

82p polystyrene 


C12 

2p2 63V elect 


C13,C14,C15 

47p 25V elect (3 off) 


Cl 8 

270p polystyrene 


C19 

281p 2% 


C20 

20n polyester 


C21 

10Op 5% polystyrene 


C23.C24 

1500p to 3300p16V elect 


(2 off) 


C25 

1OOp 16V elect 


C26 

220p 16V elect 


VC1 

25p (max) trimmer 


VC2 

80p (max) trimmer 


Semiconductors 



D1 

3-9V300mW Zener 


D2 

15V300mW Zener 


REC1 



TR1 

BD190 


IC1 

TDA 1200 


Inductors 



LI 

220 KE (22pH) 


12 

L101 (2-2pH) 


L3 

AM Osc coil (42276) 


Miscellaneous 



10-7 MHz filter 



LP1181 



LP1401 



FM Tuner front end LP1 1 

79 


VU meter 



Ferrite rod assembly 



Mains transformer 



Chassis 



P'C.b.s. 



Drive cord and guides. S1, S2, S3. 


*See Fig. 10. 



Note the p.c.b.s supplied i 

n the kit are not drilled. 


Constructor's Note 


A kit of parts for the Quasar (minus the stereo enable 

and stereo indicator modifications) is available 

from 

RT8.VC, 218 High Street, Acton W3 6I\IG. 

(Price 

t Cl 7-95 plus £2-50 p&p.) 




The front panel should be assembled next. If a stereo in¬ 
dicator and an enable switch (Fig. 10) are to be fitted, then 
the mounting holes for these should be drilled first. The front 
panel legend can then be fixed using either double sided 
tape or non plastic solvent glue. The mounting holes can 
then be cut out in the legend using a sharp knife. The tuning 
meter can then be fitted to the back plate using double sided 
tape. Before the back plate is fitted to the main p.c.b. the 
three grommets should be fitted into the mounting holes for 
the LP1179 tuner. The three tuning drive cord guides should 
be inserted into the back plate and peened over using a 
hammer. 



The two wires for the tuning meter should be soldered 
before the back plate is fitted. After mounting the back plate 
onto the p.c.b. the drive tuning cord should be fitted follow¬ 
ing the diagram in Fig. 11. The tuning indicator was formed 
using a piece of copper wire and length of p.v.c. sleeve. To 
improve the definition of the tuning needle a piece of white 
p.v.c. tape was fitted behind the tuning display. Do not fit the 
front panel into position until after the tuner has been 
aligned. 



The LP1401 stereo decoder, which is supplied assembled 
and tested, plugs into SKI and before any interboard wiring 
is carried out the two resistors should be soldered to SKI 
(Fig. 10). With all the boards and SKI assembled the inter¬ 
board wiring should be carried out as shown in Fig. 12. 

FM ALIGNMENT 

After the Quasar has been assembled and wired it can be 
switched on and the voltage supplies checked. It should then 
be connected to a suitable amplifier and speaker system. To 
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AF OUTPUT 





Fig. 12. Interboard wiring for the Quasar 


align the FM band the following procedure should be carried 
out: a) Cancel the AFC by shorting C1. 

b) Press the AM/FM and Mute/Off switches in. 

c) Connect an aerial to tuner (75 or 3000). 

d) Unscrew the core of L2 so that it is approximately 
4 to 6mm proud of the can. If the construction is 
correct the Quasar will operate. 

e) Adjust L2 for maximum undistorted audio output and 
maximum meter deflection. 

f) Remove the link across Cl. 

g) Short the junction of R i and XL1 to earth. 

h) Adjust VR1 for zero volts across Cl and remove the 
link between R1/XL1 and earth. 

This completes the FM alignment and the core of L2 should 
be sealed with candle wax. 



AM MEDIUM WAVE 

The medium wave band can be aligned using the follow¬ 
ing procedure: 

a) Put the AM/FM and the MW/LW buttons in the out 
position and place the aerial coils flush with the end of 
the ferrite rod. 

b) Tune the set to approximately 433M and adjust L3 
to receive Radio 2. If this is not available set the tuner 
to any other known wavelength at the extreme LF end 
and tune L3 to receive that station. 

c) Set the tuner to 247M and adjust VC1 to. receive 
Radio 3. 

d) Repeat steps (b) and (c) until the two extreme sta¬ 
tions correspond to the scale. 

e) Tune the set to a weak station at the extreme LF end 
and adjust the medium wave coil L3 for maximum 
output. 

f) Tune the set to a weak station on the HF end and ad¬ 
just the AM trimmer on the tuner for maximum output. 

g) Repeat steps (d) and (f) for best results. 

AM LONGWAVE 

The longwave band can be aligned using the following 
procedure: 

a) Press the MW/LW button in and set the pointer to 
1500M. 

b) Adjust VC2 to receive Radio 4. 

c) Set the LW ferrite coil for maximum output. Both the 
aerial coils can now be sealed with candle wax. ★ 


Practical Electronics July 1981 













































































Practical Electronics July 1981 










































C APACITANCE measurement is a frequent requirement of 
professional engineers and hobbyists alike. In these 
times of rising prices, hobbyists are obliged to keep a store 
of used components which may be useful in future circuits. 
Component markings gradually disappear with time and 
capacitor markings seem to disappear most quickly. How 
frustrating it can be to be faced with a box of unmarked 
capacitors and a circuit requiring completion. 

Matching of capacitor values is often required and apart 
from its primary function of testing components, a 
capacitance meter may also be used for a wide variety of 
tests including cable length, cable capacitance, p.c.b. track 
capacitance and it is a very useful development tool. 

The DP600 Capacitance Meter provides quick and ac¬ 
curate capacitance measurement between Ip and 19-99p 
at low cost. 

CAPACITANCE MEASUREMENT 

There are a large number of methods in use for the 
measurement of capacitance and the cost of embodying 
many of these techniques is out of all proportion to the ac¬ 
curacy and usefulness of the instrument. Among the aims in 
the design of the meter has been the provision of a low cost 
instrument, with good accuracy, covering a wide range of 
measurement, with low power consumption and ease 
of use. 

The traditional method of measurement is to use a bridge 
arrangement with a.c. energisation, and adjusting for null in¬ 
dication. This method can be expensive and requires careful 
adjustment by the operator. 

Rate of charge can be useful for capacitor measurements 
but is exponential, although, if a constant current source is 
used instead of a voltage source, good linearity can be 
achieved. If the constant current source is turned on for an 
accurately defined time, then the charge on the capacitor at 
the end of this time will be proportional to the capacitance. 
A considerable amount of circuitry is required to use such a 
technique in a repetitive mode, rather than a single-shot 
mode. 

Ideally, once the capacitor to be measured is connected 
to the instrument, the measurement should be updated 
automatically as it enables circuit adjustments to be carried 
out simultaneously and changes in capacitance to be 
monitored. 

The heart of the DP600 is a CMOS monostable which re¬ 
quires very little supply current and operates at low supply 
voltages; the block diagram of the instrument is shown in 
Fig. 1. 


When triggered by an input pulse, the monostable 
produces an output pulse of duration proportional to R and 
C; accurate decade resistors are therefore suitable for setting 
the range of measurement, and C is the capacitor to be 
measured. A system suited to use of standard resistors for 
range switching results in much lower cost than instruments 
requiring standard capacitors. The monostable is triggered 
by a constant frequency source and the constant amplitude 
pulses are averaged by an RC integrator. The output voltage 
is now proportional to the applied capacitor and provides a 
direct readout on the LE DPM200 panel meter. Measure¬ 
ments are automatically updated by the frequency source. 

An ideal capacitor is composed of two parallel plates with 
a dielectric of infinite resistance between the plates. 
However, practical capacitors have a parallel loss resistance 
which will shunt the capacitor and reduce the monostable 
pulse width slightly. The effect will only be noticeable for 
capacitors with very low parallel resistance, or high leakage. 


SPECIFICATION 

RANGE 

RESOLUTION ACCURACY 

2000pF 

IpF ) 

200nF 

0-1 nF >0-75% ±3 digits 

20nF 

OOlpF ) 


Capacitanc 


MARTIN KENT 


FREE CASE 
PROJECT 


DP600 Capacitance Meter 
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UNDER TEST Capacitance Meter 
CIRCUIT DESCRIPTION 

The circuit diagram of the Capacitance Meter is shown in 
Fig. 2. Panel Meter ME1 provides a complete analogue-to- 
digital convertor with ultra-low power consumption and 
calibrated 200mV full scale. 

CMOS timer IC1 operates between V+ and COM, which 
is typically 2-8V. Switch Sid selects the appropriate decade 
resistor for the range of measurement. Accuracy of measure¬ 
ment is dependent upon the monostable output pulses being 
of constant amplitude. The COM pin of ME1 has good 
stability with temperature but the change in current drawn 
through it by the lower value resistor, R8, on the top range 
can reduce the Common voltage by about 2%, which would 
be directly indicated in range accuracy. Each range could be 
individually calibrated, but it is desirable to use only one ad¬ 
justment. To provide good amplitude stability R9 and IC2 
are used, which is a bandgap reference integrated circuit 
with typically 1 -2V output. Resistors R6-R8 should be high 
stability metal film types as they directly influence measure¬ 
ment accuracy. Pulse averaging is carried out by RIO and C3 
with calibration by VR1. 

To optimise measurement accuracy, an offset control is 
incorporated. Before the capacitor to be measured is con¬ 
nected to the instrument, the effects of stray capacitance 
may be eliminated by adjusting VR2. Provision of the offset 
control also enables measurements to be made of capacitors 
situated at the end of long cables by eliminating the cable 
capacitance. 

The LE DPM200 panel meter includes a dual-slope in¬ 
tegration A to D convertor which contains an RC oscillator 
for control of the integrator timing cycle. To reduce the cost 
of the instrument, the frequency source required to trigger 
the CMOS monostable may be derived from the panel 
meter. The oscillator has a nominal frequency of 48kHz 
which is divided down to perform the various timing func¬ 
tions. The backplane signal for the LCD is set at a frequency 


of dock divided by 800, or nominally 60Hz. The maximum 
pulse width output from IC1 is Ik x 20p or 20ms. The 
period of the triggering waveform must be greater than the 
monostable period otherwise the monostable would be 
retriggered during a measurement cycle, instead of at the 
end of the cycle, resulting in erroneous readings. To slow 
down the internal clock frequency slightly C4 is added 
between CLK (oscillator) and TEST (digital ground). 

The backplane signal is a nominal 5V amplitude with 
respect to TEST, but is +2-5V/—2-5V with respect to 
Analogue Common. Level shifting is provided by TR1. 

IC1 requires a narrow trigger pulse which should return to 
the high state before the end of the output pulse. TR2 and 
associated circuitry produces a narrow negative-going pulse, 
of typically 50ps, for each positive-going edge of the 
backplane signal. 

The timing waveforms of the circuit are shown in Fig. 3. 

BACKPLANE I I 

SIGNAL _I I-j ' - 

MONOSTABLE -1 I-j r 

TRIGGER PULSE |J jj 

MONOSTABLE j-1 I I 

OUTPUT PULSE I I I 

UJp— 

Fig. 3. Timing waveforms 

Another advantage of using the internal oscillator is that 
the system is synchronised to the measurement cycle of the 
A to D convertor to reduce the display jitter which would 
otherwise result from the charging and discharging of C3. 
The R10/C3 time constant could be lengthened but this 
would reduce the response time of the instrument to change 
in applied capacitance. The display drive circuitry within 
ME1 is switched to the required decimal point by Sib. 

ASSEMBLY AND TESTING 

Assembly of the p.c.b. is very straightforward as the use of 
the self-contained panel meter greatly reduces the compo¬ 
nent count. The panel meter is connected to the p.c.b. via 
ribbon cable and the assembly should be tested before fixing 
into the case. 

When the unit is switched on, the display should be able 
to be adjusted for zero reading by VR2 on each range. To 
calibrate the instrument it is preferable to use a standard 
capacitor, alternatively comparison may be made with 
another capacitance meter. Calibration should be carried out 
at mid-range, using either a lOOOp, lOOn, or lOp standard 
capacitor. With VR 1 adjusted accordingly on one range, the 
metal film resistors R6-R8 will ensure accurate measure¬ 
ment on the other ranges. 
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If a capacitor of over-range value is connected to the 
instrument, the standard over-range warning should be in¬ 
dicated whereby a 1 will show in the leading digit with the 
other digits blanked. 

APPLICATIONS 

The Capacitance Meter may be used to measure a wide 
range of capacitors including electrolytic types. 


Cable capacitance can be an important factor in signal 
distribution systems and this may easily be measured with 
the instrument. Total capacitance may be measured, alter¬ 
natively the capacitance per unit length is often required and 
may be established using a one foot or one metre length. 

If the capacitance per unit length is known or can be 
measured, then the length of cables may be measured using 
the DP600. 







COMPONENTS . . . 



Resistors 


Semiconductors 


R1 

15k Carbon film 5% 

D1 IN4148 


R2 

15k . 

TR1 BC237 


R3 

10k . 

TR2 BC237 


R4 

10k . 

IC1 ICM7555 


R5 

15k . 

IC2 Teledyne 9491/Intersil 8069 


R6 

10M Metal film 0-5% 



R7 

100k . 



R8 

Ik . 



R9 

1 k Carbon film 5% 



RIO 

100k . 

Miscellaneous 


R11 

150k . 

ME1 LE DPM200 (see special offer) 

Instrument case 




P.c.b. 


Variable Resistors 

Ribbon cable 


VR1 

50k Multiturn preset 

4P4T Slide switch 


VR2 

50k 

PP3 Battery connector 

4mm p.c.b. mounting terminals (2 off) 


Capacitors 



Cl 

10n Polyester 



C2 

lOn 

A kit of components (excluding the DPM200 and case) is 


C3 

22pF Tantalum bead 16V 

available at £12.95 inc. VAT from Lascar Electronics Ltd., 


C4 

330pF Polystyrene 

Unit 1, Thomasin Road, Basildon, Essex SS13^ILH. 
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High frequency circuits require careful attention to be paid 
to p.c.b. layouts when siting components and intercon¬ 
necting tracks. Parallel p.c.b. tracks act as capacitors which 
can induce spurious oscillation and noise voltages and the 
instrument may be used to detect unwanted capacitance 
before fault-finding in systems is required. 


The capacitance of components such as switches and 
relays may be measured, also crystal capacitance may be 
measured to enable the conditions for resonance in a par- 
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Our book PE Popular Projects containing a selection 
of 19 popular projects is now on sale at newsagents 
and components stores. The book costs £1-25 from 
retail outlets and is also available for £1-50, UK post 
paid, or £1 -80 overseas surface post paid, from Post 
Sales Department (PE Popular Projects), IPC 
Magazines Ltd., Lavington House, 25 Lavington 
Street, London SE1 OPF. 
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Fibre optics are now in use 
as communications links. 
This article describes what 
they are and how they are made 
and used. 


M ost of us are by now familiar with decorative fibre optic 
lamps on coffee tables. The use of fibre optics for seeing 
inside the body has been shown on TV on more than one occa¬ 
sion, and one may have good cause to marvel at this wonder of 
modern science. 

An optical fibre consists of a fine strand of glass made from 
two chemically dissimilar glasses, one inside the other. These 
two glasses are referred to as the core and the cladding. The 
fibre has the ability to act as a wave guide to electro magnetic 
radiation, such as ordinary visible light, or infra red. Thus the 
fibre has the unique ability to bend light, and direct it along its 
length. It is this property that makes the use of optical fibres so 
interesting. 

The transmission of visible light or infra red down an optical 
fibre is analogous to an electrical current passing down a wire. 
Thus a “signal” introduced at one end should ideally emerge at 
the other end unchanged in shape and amplitude. Why then is it 
necessary for us to advocate the use of an optical fibre for the 
transmission of signal, if an ordinary coaxial cable will accom¬ 
plish the same result? To convert electrical signals into a light 
beam, pass this down the optical fibre, detect it at the other end,. 
and then convert the light back again into an electrical signal is a 
little like using a sledge-hammer to crack a nut, isn’t it? 


PLEASE TRY AGAIN LATER . .. 

As demand for telecommunications services increases, so the 
pressure on our telephone system grows. The advent of 
PRESTEL, viewphone, and computer data through conven¬ 
tional telephone cables can and will crowd out the ordinary 


telephone conversations that also have to be carried. By the use 
of optical fibre communication systems the capacity for carrying 
signals is increased by tens of thousands. The reason for this is 
quite simple; the capacity of a carrier wave is related to its fre¬ 
quency. The frequency of light is many thousand times that of 
ordinary radio waves. 

With optical fibres, the possibility of “crossed lines” will be 
reduced, because of the total lack of crosstalk between adjacent 
fibres. For military applications, such as onboard ship, com¬ 
munication cannot be jammed or interfered with, which is a 
major benefit for military use. Because of their smaller physical 
size, the existing underground trunking system used for the inter¬ 
connection of telephone subscribers to the exchanges needs little 
if any modification to accommodate the new cable. 

To the motorist, if nothing else, the lack of the familiar road- 
up signs will bring a sigh of relief. In oil refineries and other 
petrochemical plants, the risks of sparks causing fire or explo¬ 
sion are almost completely eliminated by use of fibre optic data 
links. The basic raw materials are commercially available today 
and, although the prices are high at present, these will fall 
dramatically when volume production gets under way. 

MANUFACTURE 

There are two major processes used for the manufacture of 
optical fibres. The British Post Office (now renamed British 
Telecom) have developed a glass-making process called the 
Double Crucible process. In this process, glasses of dissimilar 
composition are produced by melting extremely pure ingredients 
in a coaxial crucible. Once molten, the two glasses are drawn 
simultaneously from the bottom of the crucible to form a glass 
rod. As previously described, this rod consists of a central core 
encased in another glass, which forms the cladding. 

The reason the ingredients have to be so pure, is that any im¬ 
purities cut down the transmission properties of the glass. Look¬ 
ing at an ordinary glass shelf edge on, shows the glass to be 
green in colour; an optical fibre exhibiting similar properties 
would be useless as a transmission medium. An optical fibre has 
to appear as transparent as an open window, yet is equivalent to 
a pane of glass about a mile in thickness. To achieve this, the 
basic chemicals have to be purified to an extraordinary high 
level, and must only contain a total metal impurity of a few parts 
in a thousand million! 

The glass rod so formed (called the preform) is then reheated 
until plastic, and carefully drawn into a fibre of a thickness 
which is comparable to that of a human hair. The fibre is protec¬ 
ted by applying a silicone resin and polypropylene, which adds 
mechanical strength. A number of these conductors are then 
positioned around a steel strength member, and sheathed in 
polythene. Fibres of this type are now being manufacturered by 
British Telecom licencees, both in this country and abroad. GEC 
will shortly be producing fibres for the telephone network in this 
country, and Erricson likewise in Sweden. 

The alternative method of production, which makes fibres of 
a different type, is called the Chemical Vapour Deposition 
method, and relies upon a glass-like layer (usually a 
phosphosilicate) being deposited on the inside of a quartz tube. 
After such a layer has been deposited, the tube is heated 
strongly, whilst it is rotated in a special lathe. This has the effect 
of collapsing the walls of the tube, resulting in the formation of a 
solid glass rod, which can then be reheated and drawn into a 
fibre, consisting of a narrow core—the deposited layer— 
surrounded by the cladding—the quartz tube. Again, British 
Telecom have a development programme for this type of fibre, 
and volume production is being carried out in this country by 
such companies as STC and GEC. 

BICC and Pirelli also have small development production of 
fibres of this type, which will in all probability expand in the not 
too distant future when the demand justifies. Pilkington Ltd has 


two production sites producing fibres called “Hytran”. One 
method is a modification of the double crucible, the other is by a 
process called “phase separable” glass. 

LIGHT SOURCE 

All the signals carried along optical fibres are in the form of 
light waves in the infra red part of the electromagnetic spectrum. 
These can be generated either by using a miniature laser or by 
using a light emitting diode. The high radiance l.e.d. is unfor¬ 
tunately restricted to low bandwidth short distance operations. 
By low bandwidth we mean a data rate of about 35Mbit/s. The 
alternative approach is to use a Gallium Arsenide laser which 
has a higher output, and is more suitable for operation over 
longer distances. It also has the ability to handle much higher 
data rate which are typically 140Mbit/s. Unfortunately, these 
tiny lasers are expensive (about £500 each), but it is confidently 
predicted that the price will dramatically fall in the future. 

On the other end of the optical fibre, we have the light detec¬ 
tor, which can be either a PIN diode or an avalanche diode. Un¬ 
fortunately, the received infra red signal is very low (often less 
than lOOnW), and it is important that the detector gathers most 
of the received power, and efficiently converts it. The silicon 
PIN diode meets these criteria at an economic cost. The alter¬ 
native use of the avalanche photodiode provides a higher sen¬ 
sitivity than the PIN diode, but is only superior at higher data 
rates above 1 Mbit/s. 

WHEN? 

We already use, albeit in a limited way, fibre optic systems for 
the transmission of telephone conversations. By the end of 1977, 
several of the British interested parties had demonstrated the 
feasibility of optical fibres in operating systems, and the Post 
Office had run its systems operating at both 8Mbit/s and 
140Mbit/s. After the initial demonstration systems, it was found 
necessary to follow these up with production systems. The main 
reasons for this was for the Post Office to gain manufacturing 
and installation and operational experience. 

In practice, 18 possible routes were chosen, and put out to 
tender. In April 1979 orders were placed to the value of £6M for 
a total of 34 systems on 15 routes located throughout the British 
Isles. The total length of the routes is 450km, giving a total fibre 
requirement of 3,600km. Thus orders have been awarded to 
STC, GEC and Plessey for the supply and installation of optical 
fibre transmission systems—both cables and equipment—for 
the expansion of the telecommunications network. 


Optical fibre receivers, transmitters, l.e.d.s and avalanche 
photodiodes (Pilkington Ltd). 
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A video camera connected via a fibre 
optic link to a monitor. The reel holding 
the fibre optic element and the 
modems can be clearly seen. 
(Pilkington Ltd.) 


ing systems will follow over the next two years, with all of them 
becoming operational by Autumn 1982. In addition to these in¬ 
land routes, a 5 nautical mile loop of optical cable will be laid by 
a cableship in Lough Fyne. Later, two repeaters will be inserted, 
to provide an operational submarine system. 


THE FUTURE? 

In the immediate future, it is anticipated that optical fibres will 
be used extensively in the trunk (or main) network, as opposed 
to the junction or local networks. The use of optical fibre in the 
trunk network offers an economic alternative to coaxial cables 
currently in use. 

Unfortunately, the situation is somewhat different when one 
considers the junction network, as the use of pulse code modula¬ 
tion on existing systems reduces the economic advantages of 
optical fibres. What is certain, however, is that the cost of fibres 
will ultimately fall and thus encourage their use and adoption in 
this network. With the local network, ultimately the use of op¬ 
tical fibre will permit the transmission of television, and to this 
end, British Telecom are actively considering its introduction—a 
pilot scheme is under way in Milton Keynes. 

The use of fibre optical systems in submarine cables could 
certainly offer some benefits over the existing system. These 
benefits include dramatic cost savings (some sources quote a 
reduction of 75 per cent), smaller physical size (with 
corresponding comparative ease of handling), and of course, 
longer distances between repeaters, further reducing installation 
costs, and ultimately providing higher reliability. 

Although the use of optical fibres for this application is some 
way off, there are many other lines of development taking 
place, which will enable cheaper fibre 
with lower signal attenuation to be 
manufactured reliably. The transmitters 
and receivers will be fabricated in a single 
chip, rather than from discrete compo¬ 
nents as at present. 

Potentially, these developments could 
transform the cost effectiveness and 
practical application of optical fibres over 
a period of a few years. The prospect 
for optical fibre is that it could carry 
the programmes of all eleven Television 
Companies broadcasting in the UK, and 
future developments such as 3D tele¬ 
vision, videophones, personal computers 
all down a single fibre! 

However, this is some way in the 
future, but nevertheless implications 
on how the new technology will ulti¬ 
mately change our lives are well 
established. All that remains is for these 
systems to be introduced On a national 
basis. Let the light shine on. ★ 


TRANSMISSION SYSTEMS 

The transmission system is categorised by the data transmis¬ 
sion rate, which can be 2-8-34- 140Mbit/s. These, with the 
exception of 2Mbit/s, will all be used in the digital network being 
developed by British Telecom, and together with the system ex¬ 
changes, lead to the Integrated Services Digital Network. The 
140Mbit/s (equivalent to 1,920 telephone channels) systems will 
be used in the trunk network. The typical route length will be 
60km and will require repeaters located at 8km intervals. Six 
systems will be used on three routes. 

The 34Mbjt/s (equivalent to 480 telephone channels) will also 
be used in the trunk network. In this case the repeater spacings 
need only be at 10-1 lkm spacings. Four systems of this type 
have been ordered for installation on two routes. 

The 8 Mbit/s (equivalent to 120 telephone channels) will be 
used for both the trunk and junction networks. In the former, the 
route length is typically 50km (“long haul”) and for the latter 
the lengths are typically 10-20km. In all, 24 short haul systems 
of this type will be installed on nine routes. Because of their 
shorter lengths, they are usually located in urban areas. In 
practice, only a few of the systems will re¬ 
quire repeaters, but where required, these 
will be housed in surface buildings with 
spacings of up to 12km. 

STC and Plessey each intend to com¬ 
plete at least on 8 Mbit/s by this time 
(Croydon—Vauxhall and Brownhills— 
Walsall, respectively). In addition, GEC 
expects to install part of a 140Mbit/s 
route (Chiswick—Faraday). The remain- 





The SEIKO SHA GP80 
- 80 column impact 
matrix printer 


THE PRINTER YOU THOUGHT 
YOU COULDN'T AFFORD.... 


*price includes ... 

UK mainland delivery ^P 4 r*tUVWX« Z ( I > 
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Standard Centronics interface makes it 65u(J.ilG.¥£$%f4«-* ! 
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The GP-80 is a revolutionary new graphic printer with a difference, not only does it have an 
amazingly low price, but unlike its competitors the GP-80 uses a unique ‘Uni-hammer’ 
system and with a name like Seikosha* behind it you can be sure of its quality, reliability 
and precision construction. The GP-80 is an ideal printer for your system or VDU, and it 
produces a top quality printout. 

If you would like a GP-80, complete the order form or telephone today. (*part of the Seiko 
Watch Company). 

Allow 14 days delivery, subject to availability, full refund if goods returned within 14 days. 


Printout sample of GP80 


* PRINT METHOD - Impact Dot Matrix 

* CHARACTER MATRIX - 5 x 7 Dot Matrix 

* CHARACTER SET -128 characters 

* CHARACTER CODE - ASCII 

* PRINT SPEED - JO characters/second 

* CHARACTERS/LINE - 80 or extended chs. 

* CHARACTERS/INCH - 12 

* LINES/INCH - 6 (9 lor graphics) 

* LINES/SECOND - 5 (7 J for graphics) 

* PAPER FEED-Pin Feed 

* PAPER/WIDTH - Up to 8” plain paper 

* COPIES - 3 

* RIBBON - Ink roller built in cassette type(l colour) 

* POWER SUPPLY - 100/117/220t 10% 50/60 Hz 

* POWER CONSUMPTION - 15W(print) SW (idling) 

* DIMENSIONS - 17.25 d x 32.8 w x 13.2 h cms 

* WEIGHT -2.5 kg (5V4 lb.) 

* NOISE LEVEL - Under 60 phon 

* INTERFACES - Centronics fitted as standard 

* WARRANTY - 12 months 

Dealer Enquiries Welcome 
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61 New Market Square, 
Basingstoke, Hampshire. 
RG21 1HW 

Telephone: 0256 56468 
(4 lines) 
Telex: 858575 
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FEATURING iAPX 432 U410B 



R.W. Coles 


THE SHAPE OF THINGS TO 
COME . . . 

No doubt people who read this column 
regularly have become numbed by the 
endless stream of new microprocessor 
wonder-chips I keep raving on about. It 
wouldn't surprise me, I have become num¬ 
bed myself by the relentless, almost boring, 
march of microprocessor technology 
towards the ever bigger ever faster and 
ever more capable digital processor. Well, 
relentless progress is one thing and a quan¬ 
tum jump is quite another, and this month I 
am glad to report a spectacular quantum 
jump in microprocessor technology, from 
Intel, who else? 

The name tag "microprocessor" is rather 
inadequate to describe this new concept in 
silicon. Intel themselves call it a "micro¬ 
mainframe", and they aren't joking or 
shooting a line—the iAPX 432 will outper¬ 
form many familiar mainframe processors 
such as the IBM 370—but it's not just a 
super souped up 8080, it's a whole new 
concept in digital processing on silicon 
which bears little relation to any of its 
microprocessor antecedents. 

Yes, it's a 32-bit processor alright, and it 
has the party tricks you might expect. 32- 
bit integer multiply in 6-25 microseconds, 
80 bit floating point multiply in 26-125 
microseconds, address range of 2 32 (over 4 
billion bytes!), an 8 Megahertz clock rate, 
etc., etc. Amazing enough in themselves 
but they're not the most important features 
of the iAPX 432. 


ADA 

The new processor has been designed 
with the computer programmer and high 
level languages firmly in mind. No more 
electronics engineers with logic analysers 
trying to discover what is wrong with the 
software, no more tortuous assembly 
language programs, this machine will 
always be programmed in a high level 
language with all the increased program¬ 
mer productivity that that brings, even for 
high speed "real-time" applications. If, for 
you, "high level language" means BASIC, 
forget it. The language to learn for the 
future is ADA, sponsored by the American 
Department of Defense and designed to in¬ 
corporate all the best features of PASCAL 
but with enhancements to suit it for the real 
time applications which have traditionally 
had to be programmed in assembler. 

ADA was developed quite separately to 
the iAPX 432, but the new processor grew 
from the same body of experience and 


academic research and it fits the new 
language exactly, to the extent that many 
ADA statements compile directly into 432 
instructions. Even system programmers will 
use ADA, and recourse to assembly 
language will rarely, if ever, be needed. 

The new processor was also designed 
from the start for multi-tasking and multi¬ 
processor operation. Extra processing 
power can be added to a 432 system in the 
form of "attached processors" and, even 
better, the presence or absence of these 
extra processors can be transparent to the 
programmer! 

Finally, the 432 has extensive hardware 
checking facilities to detect any software 
errors (such as trying to access instructions 
as data) which manage to slip through the 
formidable checking process already carried 
out by an ADA compiler. 

Descending from those dizzy heights to 
good old fashioned hardware, the iAPX 432 
is actually a three chip set of unpreceden¬ 
ted complexity. Two of the chips, the iAPX 
43201 and the iAPX 43202, act as the 
CPU or "General Data Processor (GDP)" as 
Intel call it. Together these chips house no 
fewer than 160,000 separate transistors, 
and they each have so many inter¬ 
connections that a special 64-pin QUIP 
(Quad Inline Package) has had to be 
designed for them. The third device, the 
iAPX 43203, is called an "Interface 
Processor (IP)" and is used as a post-box 
for all GDP peripheral data transfers to at¬ 
tached processors, bulk storage devices, 
high speed printers and so on. There can be 
several 43203s in a system. 

Believe it or not the GDP pair dissipates 
less than 5 watts and all three devices will 
run from a single 5 volt supply. With this 
sort of power just around the corner, the 
home computers of today will soon appear 
to be as quaint as the cats whisker 
wireless! 

DIDDY AMP 

Being an electronics person of great anti¬ 
quity, the term "audio-amplifier" still stirs 
within me memories of the marvellous Mul- 
lard 5-10 and the other warm and glowing 
"bottle-jobs" of my youth. All you new¬ 
comers to the gentle art of audio amplifica¬ 
tion have missed the best bit without a 
doubt, because now all you need to perform 
this trifling function is a tiny square of 
plastic with eight puny legs, like the U410B 
from AEG-TELEFUNKEN, a "diddy-amp" if 
ever I saw one. Within this ridiculously in¬ 
expensive mini-dip package lives an am¬ 
plifier which has a 40dB closed loop gain 


and a 1W maximum output power. You 
would normally use these uninteresting ob¬ 
jects in, say, toys, doorbells, CB radios, in¬ 
tercoms and so on, where you would be 
well advised to keep the power down to a 
quite adequate 50mW, because at this 
level the total harmonic distortion reaches 
1 per cent. A companion device, the 
U411B, does the same job but condescen¬ 
dingly allows you to alter the gain by means 
of a single external resistor. 

They're good—but they'll never replace 
the 5-10! 

LED WARNING 

Perhaps as a response to the Three Mile 
Island "incident", Siemens have produced a 
novel variation on the theme of seven seg¬ 
ment l.e.d. numerical displays. When all is 
peaceful with the reactor, those in the con¬ 
trol room will be reassured by rows of green 
numbers, indicating coolant temperature, 
reactor flux, and knocking-off time etc. If 
things start to get a bit hairy, those reassur¬ 
ing green digits will turn to a panic stricken 
red colour, and all concerned will be quickly 
informed of the impending melt-down so 
that they can finish the crossword or wave 
their colleagues goodbye or something. 



The quick change act is made possible by 
constructing each segment from two l.e.d. 
chips of different colours wired in anti¬ 
parallel. When an external circuit senses 
that a reading is becoming dangerous, a 
quick change of drive polarity is all that's 
required to scare the hell out of everyone in 
eyeshot. 

I don't have a part number for these 
saviours of the world, but they are part of 
the Siemens HD series of 10mm digits, and 
they could no doubt be used in many less 
worrying circumstances. 
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A selection of readers' 
original circuit ideas. 

Why not submit your 
idea? Any idea published 
will be awarded payment 
according to its merits. 

Each idea submitted 
must be accompanied by 
a declaration to the effect 

tested, is the original work 
of the undersigned, and 

fered or accepted for 
publication elsewhere. It 
should be emphasised 
that these designs have 
not been proven by us. 
They will at any rate 
stimulate further thought. 

Articles submitted for 
publication should con¬ 
form to the usual prac¬ 
tices of this journal, e.g. 
with regard to abbrevia¬ 
tions and circuit symbols. 
Diagrams should be on 
separate sheets, not inser- 


COMPUTER 

CASSETTE 

MOTOR 

CONTROL 



T HE circuit shown is a motor control 
system for an unmodified domestic 
cassette recorder, as commonly used for 
program and data storage with a small 
computer. It is necessary for the computer 
to be able to start and stop the cassette 
motor as required. This is achieved with 
control pulses, taken from two spare bits 
of an output port. One bit, when strobed 
low, will stop the motor, the other will start 
it, provided that the ‘Play’ switch on the 
cassette recorder is depressed. The com¬ 
puter can optionally sense the status of this 
switch on a one bit input port, thus 
providing for helpful messages to the 


operator, such as ‘Press play on the 
cassette recorder'. This input can also be 
used to commence the timing for a record 
operation, insuring that the data is not 
written when the tape is stationary. 

The circuit also overcomes the annoy¬ 
ing disadvantage inherent in most systems, 
whereby it is not possible to rewind a tape 
without some unplugging, because the 
motor does not start when the buttons are 
pressed. 

ICla and IClb form a bistable, whose 
output is connected via TR2 to the reed 
relay RL1. The relay interrupts the motor 
current via the socket provided on most 


cassette recorders. LI and L2 are small 
chokes incorporated to reduce the current 
surges near computer circuitry, but they 
could be omitted for simplicity. R1 and C2 
detect switch closures, and automatically 
start the motor, unless the co mputer is per¬ 
manently holding STOP low, thus 
overriding the operator’s control. Should a 
cassette recorder not be wired as shown, it 
obviously does no harm to change the 
recorder’s internal wiring for this system. 

D. Greaves, 
Romsey, 
Hants. 
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ELECTRONIC AIR FRESHENER 


Y OU have no doubt noticed how muggy 
the air is before a storm and how fresh 
it can be when the storm is over, even if the 
temperature has not changed. Have you 
ever wondered what caused the difference? 
No, not humidity, but the balance between 
two types of charged particles in the air; 
charges due to the electrical discharges we 
call lightning. These particles are called 
ions, and come in two versions, positive 
and negative. When the balance between 
these two is not equalised, the air can feel 
heavy and humid, or fresh and light. With 
an excess of positive ions the air is op¬ 
pressive; with an excess of negative ions it 
is invigorating. This same effect causes the 
difference between vitality-lowering jungle 
air, and invigorating Swiss mountain air. 
No one as yet can explain why we are ef¬ 
fected in this way, but negative ions have 
been used experimentally with great tem¬ 
porary success to treat disorders such as 
asthma. 

Your first step is to cut an aluminium 
cover for the machine and bend it as 
shown in the diagram. Drill three holes on 
each side to screw it to the wooden base. 
Now screw the ignition coil to the base so 
that it is central. If you intend to mount the 
dimmer on the base as I did it will be 
necessary to mount the coil at a third the 
distance from one edge to allow for the 
box. However, it would probably be neater 
to mount your control on the wall direct. 


Now wire up according to the circuit. If 
you have the dimmer on the wall, connect 
the combination to a terminal block on the 
base board to anchor the wires as shown. 

Now make a wick of wire wool and in¬ 
sert into the h.t. outlet at the top of the coil. 
Put on the aluminium cover you have 
made, connecting it to earth, and screw it 
down. You have now completed the work¬ 
ing end of the negative ion generator. 

A useful addition, for the sake of safety, 
is to fix a piece of zinc gauze across the 
top and bottom of the cover to allow free 
access of air, but which will keep in¬ 
quisitive fingers away. 

Now wire your terminal block to the 
light dimmer and switch on. If the dimmer 
has no mains switch, you will need to add 
one, but most now incorporate their own 
on/off switch. However, an extra switch in 
the line will add to safety as only you will 
now be able to switch the device on. 

Having switched on you will be able to 
hear a high voltage discharge coming from 
the ignition coil. Now turn the dimmer up 
slowly till this discharge just ceases, and 
the air in your room will become like the 
Swiss Alps. 

To understand the operation it is 
enough to know that a light dimmer con¬ 
tains a triac which is switched on part the 
way through each half cycle of the mains. 
The earlier during each half cycle it is 
switched on the more power it will pass. 



rapid switching charge through to the igni¬ 
tion coil at 100 times per second for 50Hz 
mains, rather like the contact breaker on 
the car opening 100 times per second, 
while at the same time isolating the mains 
from being directly connected to the igni¬ 
tion coil. Therefore 100 high voltage pulses 
are produced per second, the amplitude of 
which are controlled by the dimmer 
setting. 

To convert this high voltage to negative 
ions, a silent discharge of electrons is re¬ 
quired from a pointed object. I first tried a 
bunch of needles, but later found that wire 
wool provided thousands of minute sharp 
points for the purpose. 

Michael Farrington 
Tunbridge Wells, 
Kent. 


T HIS simple ‘Snap’ circuit is built 
around one 7400 (Quad NAND) 
which makes it very simple and cheap to 
build. The first two gates are in an R.S. 
flip-flop configuration, but both their out¬ 
puts are held at T by connecting both 
switched inputs to ‘O’. 

As soon as one of the switches is 
thrown then the gate has two T inputs and 
so gives a ‘O' output, which is put into the 
other gate, and thus prevents it from giving 
anything but a T output. Thus, while the 
switch is held the other switch cannot af¬ 
fect the state of the flip-flop. When the first 
switch is set back to ‘O’, then the circuit is 
reset to its original stable state. The two 
other NAND gates are wired to invert the 
outputs from the flip-flop. Thus, when the 
switches are at ‘0’ the l.e.d.s are not lit, but 
the appropriate l.e.d. is lit by the first 
switch to be set at T. 

If s.p.d.t. push-to-make switches are 
used then the circuit will provide a sen¬ 
sitive ‘who pushed first’ snap indicator 
which resets itself when both buttons are 
released. 

J. Hobson, 
Minister, 
Sheppey, 
Kent. 


SNAP 
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BURGLAR 

ALARM 


T HIS consists of an astable mul¬ 
tivibrator used as a key, and a lock cir¬ 
cuit. This operates at a frequency of 
3-2kHz and uses a ImH choke as the load 
which acts as a primary of a transformer, 
when brought into close proximity to the 
lock. 

The lock uses a r.f.c. (which has two 
diodes to prevent large voltages being in¬ 
duced onto it) to act as the secondary of a 
transformer picking up impulses from the 
key. These are amplified via TR1 to a large 
enough level to operate IC1, which is a 
phase locked loop tone decoder. The 
decoder output at pin 8 is high until the 
correct frequency is introduced to the i.c. 
This frequency is set by C6 and VR1 and 
R8 and adjusted to match the frequency of 
the key. 

The output from the NE567 is buffered 
and inverted by TR2, the collector of 


which operates one half of a CD4013, 
which is wired as a monostable and used 
to make sure only one operation of the 
NE567 at a time is accepted before 
switching the other half of the CD4013 
which is connected as a bistable. 

The Q output of the bistable switches 
TR3 which lights the l.e.d. indicates when 
the lock has been operated to arm the 
alarm. 

The alarm function uses a NE555 timer 
as a voltage sensing device. The trigger on 
pin 2 of the i.c. sets the internal RS bistable 
when the voltage across C12 is low before it 
is charged via R15. A voltage is tapped off 
pin 5 (the control voltage pin) and fed to 
the threshold pin 6 via a voltage divider. 
When the supply voltage falls due to an in¬ 
stantaneous drain on the battery (opera¬ 
tion of the lights or courtesy light etc.) the 
voltage at pin 5 falls as well. If this level 


drops below the threshold voltage which is 
held there via Cl 1, then the output resets 
and falls to a low state and stays there. 

When this happens IC4 output switches 
on TR5 allowing TR6 to switch on and 
operate the siren. The internal bistable of 
the NE555 is not set if the Q output of the 
CD4013 bistable is high. If it is low, then 
the alarm is armed and TR4 is off and 
allows C12 to charge. 

A stabilised supply is needed for the 
NE567 and CD4013 and is derived via 
R12 and D5 giving 5-IV. To suppress 
transients arriving from the car electrics a 
18V. Zener and a 0- lp capacitor are con¬ 
nected across the supply. 


OSCILLOSCOPE TRACE DOUBLER 


M OST designs for trace doublers work 
on the principle of switching, at some 
preset frequency, between two or more in¬ 
puts and applying a d.c. level shift to 
separate the traces. This chopped effect 
can be most annoying especially when 
viewing digital waveforms. This circuit 
switches between inputs midway along 
each sweep and has the advantage that d.c. 
levels between inputs can be instantly com¬ 
pared. 

The sweep or X output of the oscilloscope 
is applied to VR1 so that the input level 
can be adjusted to centralise the switching 
point. IC1 is arranged as a voltage com¬ 


parator such that when the input voltage 
from VR1 exceeds the value set on the +ve 
input by R1 and R2 then the output goes 
low. This output is applied to the control 
input of IC2 which is a triple two input 
analogue gate. 

The first half of the trace therefore con¬ 
tains information from input 1 and the 
second half from input 2. Pin 7 of IC2 is 
taken to a -ve supply in order to accom¬ 
modate negative input signals. 

R. Macfarlane. 

Aberdeen, 

Scotland. 
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T HE unit was designed for low cost of 
construction and to be unobtrustive 
when in use. Current consumption in the 
quiescent state is around 0-5 mA. 

The temperature sensor is a rod ther¬ 
mistor whose resistance at — 25 °C is 
around 14k. Perhaps a bead type would be 
more sensitive (and more expensive) but 
hysteresis introduced by the relatively 
large thermal inertia of the rod allows the 
freezer to be open for several minutes for 
loading without triggering the alarm. 

Super alpha pair, TR1 and TR2 provide 
a sharp trigger for 1C la. ICIa and lb form 
a gated astable with a duty cycle between 
2 and 4 seconds. The output pulses of 
IC la and lb gate a second astable formed 
by ICIc and Id. This astable generates a 
pulsed output of several hundred hertz. 

TR3 is driven via a 10k resistor by the 
output from 1C 1. The transducer is a 
telephone earpiece which is just as effective 
but much cheaper than a miniature 
loudspeaker. 

The thermistor is located at the top of 
the freezing compartment and left to cool 
for an hour. VR1 is then adjusted so that 
the alarm is triggered by heat from a finger 
on TH1 for about 10 seconds. 


FREEZER ALARM 



If the freezer is in a remote location 
such as a garage the transducer may be 
connected by twin flex to the house. The 
alarm unit should be located beside the 
freezer. 

A burglar alarm facility (dashed) can be 
added by wiring a microswitch or magnet 
operated reed switch in parallel with the 
thermistor. This switch closes when the 
freezer top is opened. 

The on/off switch is a shorting plug 



which is removed when the freezer is being 
defrosted. The plug is mounted on the top 
of the case to give a clear visual indication 
that the alarm is disabled. The plug would 
also be removed before loading or un¬ 
loading when the freezer is located outside 
the house. 

R. Mackay, 
Grangemouth, 
Scotland. 


DIGITAL 

POTENTIOMETER 

IT is useful on many occasions to be 
I able to feed a value set on a variable 
resistor into a microcomputer. Examples 
of this include cursor and graphics control, 
games, servo position, and even speed con¬ 
trol. The easiest way to do this is to feed a 
voltage output from the resistor to an A to 
D converter; but this does tend to be ex¬ 
pensive if 8 bit resolution is required. The 
circuit presented here achieves 8 bit ac¬ 
curacy from 100k potentiometer at not very 

Capacitor C1 charges up via VR1 until 
the threshold of the 3140 is reached. Ob¬ 
viously the setting of VR1 will influence 
the charge up time. The output of the 3140 
changes and in so doing loads the two four 
bit latches, IC3 and 4, with the current 
count value on the outputs of IC5 (a 14 bit 
counter).. This latched value will vary bet¬ 
ween 1 and 255 using the values shown, 
over the sweep of the potentiometer. The 
counter continues until Q9 goes high, 
corresponding to a count of 256. The out¬ 
put from pin 8 of the Schmitt trigger goes 
high very quickly after, resetting the coun¬ 
ter and discharging Cl by means of the 
transistor. As the counter resets Q9 goes 
low, and capacitor C2 starts to charge 



slowly, until the threshold of the Schmitt is 
reached releasing the counter and stopping 
the discharge. This delay is necessary to 
ensure C1 has plenty of time to discharge. 
The main oscillator should be adjusted to 
give a count of 255 with the potentiometer 
fully open, this corresponds to 107kHz. 


The data is continuously available at the 
latch outputs. If some form of Read/Clear 
is required the clear line should be connec¬ 
ted to the processor port, otherwise it 
should be pulled up. 

I. C. Lare, 
Northwich, 
Cheshire. 


Practical Electronics July 1981 
















































DELA YEDSWITCH OH FOR SPEAKERS 


T HIS circuit connects the loudspeaker 
to a power amplifier a few seconds 
after the amplifier is switched on, thereby 
avoiding turn on ‘thumps’ and possible 
damage to the speaker. 

When the power is switched off, the 
speaker will be disconnected when the rail 
voltage falls by about 30%; the time taken 
depending on whether the amplifier is han¬ 
dling a signal. This disconnection protects 
the speaker from the d.c. offsets at the out¬ 
put, and oscillations that occur in many 
power amplifiers a few moments after be¬ 
ing switched off. 

If the amplifiers form part of a large 
system driven at high levels, and a power 
failure occurs, then the speakers will be 
disconnected very rapidly. Even if the 
power is immediately reinstated, the con¬ 
nection of the speakers will be delayed, 
thus turn on ‘thumps’ from preamps, mix¬ 
ing desks, crossovers, etc, will cause no 
damage. 

DI sets up a reference voltage at pin 2 
on the comparator (IC1). At the moment 
of turn on, the voltage at pin 3 is zero and 
the output voltage swings negative, hence 
TR1 and RLA remain off. C1 charges via 
R1 and when the voltage on pin 3 of IC1 
exceeds the reference, the output (pin 7) 
swings positive, turns on TR2, which in 
turn connects the RLA and the speaker. 
When the power is disconnected, the sup¬ 
ply rail falls rapidly (provided a speaker is 
being driven) and the relay will ‘drop out’ 
naturally when the supply rail falls to a 
fraction of its nominal value. In addition. 
Cl discharges via R2 and when the 
voltage on pin 3 of IC I falls to some 70% 
of its original value, the comparator output 
will swing negative and turn off TRI, 
hence RLA and the speaker. 

The voltage on pin 2 of IC 1 is normally 
some 70% of that on pin 3 to allow for 
variations in the rail voltage which occur 
in the unstabilised power supplies common 
to all high quality audio power amplifiers. 

Ben Duncan, 
Tattershall, 
Lincoln. 



Power Max. 

voltage 

R1 

R2 

R3 

R4 

R5 

RLA. 

D1 

(AH 

BZX85 

!7wint 
35w int 

08 O 

o40 24V 

I0K 

2K 

Link 

across 

470R 

1K2 

24V 

BZX6lc) 

3V3 

40w into 80 

80w into 35V 

10K 

IKS 

1 watt 
220R 

1 watt 
IK 

2K7 

24V 

3V3 

80w int 
I50w it 

0 80 

to 40 47V 

I OK 

IK 

Link 

across 

1 watt 
1K6 

4K3 

48V 

3V6 

lSQwir 
250w ir 

to 80 
to 4ft 63 V 

1 watt 
I0K 

IK 

1 watt 
560R 

2 watt 
2 K 2 

l watt 
6 K 8 

48V 

4V7 

250w into 80 

500w into 40 85 V 

1 watt 
I0K 

IK 

2 watt 
IKS 

4 watt 
3K3 

1 watt 
10K 

48V 

6V2 


All Resistors { watt unless otherwise indicated. 


CABLE TESTER 

A healthy cable is indicated by both 
green LEDs being lit and the red one 
extinguished. To give this indication, the 
voltages along the chain of LEDs must 
descend so that Va > Vb, Vb > Vc, and 
Vc > Vd. These voltages can only be 
maintained by currents flowing along each 
conductor as shown. Any single open or 
short circuit on the cable extinguishes one 
or both of the green LEDs. Multiple faults 
can result in the red LED paralleling the 
green ones and taking current from them. 

J. A. Percival, 
Clowne, 
Derbyshire. 
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PROGRAMMABLE PULSE GENERATOR 


T HIS circuit describes a device which 
creates a series of audible signals each' 
of which is about 0-25 second long with a 
gap of about the same length between 
each. It was originally designed to identify 
a number of remote sensors. Each remote 
would contain one of these circuits and be 
connected to a small radio transmitter. 
When triggered it would emit a specific 
number of ‘bleeps’ and then reset itself to 
await the next trigger. The idea being that 
each remote sensor would transmit a dif¬ 
ferent number of‘bleeps’ and so the master 
on receiving the signals would be able to 
identify which remote was triggered. 

Pins 8-13 of 1C2 are wired up to create 
a latch, when a trigger pulse is detected at 
pin 13 (B), a trigger pulse being logic 0, 
pins 10 and 11 go high and via TR4 an os¬ 
cillator IC3, operating at approximately 
4Hz, is switched on providing a clock 
pulse for IC1. Pins 1-11 of IC1 provide 


outputs which are normally low and go 
high when the corresponding number of 
pulses is provided at the clock input, e.g., 
when five pulses are sent to the clock in¬ 
put, output 5 (pin 5) will go high. When a 
clock pulse is provided by 1C3 and sent to 
the clock input of 1C1 it is also sent 
through an inverter, produced by pins 4, 5 
and 6 on IC2. The output of the inverter 
(pin 6) is used to switch on and off an 
audio oscillator via TR3. The audio os¬ 
cillator is produced by TR1 and TR2, and 
is a simple multivibrator. An output can be 
taken from both sides of R6 and can drive 
a small high impedance crystal transducer. 
This output is the final output and it is here 
that I connected the transmitter mentioned 
earlier. Every time the clock oscillator goes 
low a ‘beep’ will be heard in the 
transducer. The programmable part is 
achieved by creating a direct link from one 
of the numbered outputs to the reset pin 


(pin 15) on IC1 thus when a wire is con¬ 
nected as shown by the dotted line eight 
•beeps' will be heard and then the circuit 
will reset itself. As the latch requires a low 
reset the pulse is first sent through an in¬ 
verter produced by pins 1, 2 and 3 of 1C 2. 

Other uses for this circuit could include 
an automatic telephone dialler or a simple 
remote control system. The number of 
‘beeps’ can be increased by an indefinite 
degree by connecting another 4017 coun¬ 
ter into the circuit. To do this simply dis¬ 
connect pin 12 on the existing counter, 
from the resistor R1 and take it to the 
clock input (pin 14) on the next counter, all 
other pins should be connected as they are 
on the first counter; the output pins on 
counter two can then be checked to see 
how many pulses they produce. 

J. Chalmers, 
East Grinstead, 
West Sussex. 


T HIS circuit is for a simple light flasher 
that is for both domestic and disco use. 
It is built around a TTL SN7414N hex 
inverter Schmitt used as an oscillator. To 
obtain full lamp brilliance a triac is used, 
rather than a thyristor, and is driven by a 
BFY50 transistor. The output of the power 
supply is about 9V which is dropped to 
5 • 1V, for the i.c., using a Zener diode. 

The range of frequencies that the lamp 
will flash over is determined by Cl, VR1 
and Rl. The formula for calculating the 
frequency is f = 1/(R, + VR,)C, where f 
is in hertz, C is in farads, R is in ohms. 

With the values shown in the diagram 
the lamp flashes about once every second 
to about 45 times a second. The lamp load 
that the circuit will drive is determined by 
the handling capability of the triac. 

K. Badcock, 
Kettering, 
Northants. 


VARIABLE LIGHT FLASHER 
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ELAPSED TIME METER 


T HE meter is connected across the 
mains supply to the device being timed, 
after any on/off switch or thermostat. 

Because the display is only activated 
when a reading is required, and is not 
multiplexed, the circuit shows very little 
current consumed when counting, and a 
negligible amount on standby. It will run 
for at least a year on one PP3 battery. 

The operation is as follows: when the 
device being timed is operating, 50Hz 
pulses are fed from Tl through D37 into 
IC1. The pulse level is limited to 9 V by 
D38. IC1 is gated by IC2 to divide by 
1800. The output of IC2 is stretched by 
R17 and Cl and clocks IC3a as well as 
resetting IC1. IC3a gives an output pulse 
every 0-1 hour, and these pulses are coun¬ 
ted by IC3b and IC4, the count being dis¬ 
played in BCD format when SI is pressed. 

The display l.e.d.s are shunted by 
diodes, and have other diodes in series, to 
prevent reverse voltages being applied to 
the l.e.d.s. The display brightness is kept 
low to enable the l.e.d.s to be driven 
directly by the 4518 ICs, and to reduce 
battery drain. 

S2 resets the counters, and D40/D41 
ensure that the output pulse from IC2 only 
resets IC1. 

The counter gives a maximum count of 
99-9 hours. If a larger count is required, a 
4017 could be inserted between ICI and 
IC3a, the latter being used for the first 
(tenths) display. The maximum count will 
then be 999-9 hours. 

A. M. Tucker, 
Charminster, 
Dorchester. 


HEXADECIMAL 
DISPLAY UNIT 

T HIS circuit decodes a 4-bit binary 
number and displays the appropriate 
hexadecimal character (0-F) on a 7- 
segment display. 

The diode matrix would normally use 
78 diodes in a conventional system but this 
has been reduced to 34 by using diodes in 
the matrix to stop segments lighting. All 
segments light otherwise. 

Two 7442s are used to produce a 1 to 
16 output from the binary input because 
the 74154 could not pull the segment 
driver inputs low enough through the diode 
matrix. 

le use of 7400s to drive the display 
allowed the unused input to be used for 
display blanking. 

J. K. Semple, 
Plaxted, 
Kent. 




Practical Electronics July 1981 
















































































Practical Electronics July 1981 




















































T HE desirability of a large range of in¬ 
teresting voices is an indisputable re¬ 
quirement for all organists. This presents 
no problem when unlimited funds are 
available since the ubiquitous chip has 
provided the means to produce an almost 
infinite range of sounds controllable by 
tabs, drawbars, peddles, knee switches, etc. 
However, in the more modest range of 
organs, as few as three tabs only may be 
available on each manual, together with 
presets such as vibrato, wha, banjo, etc. 
This does allow a dozen or so combina¬ 
tions but it will soon become desirable to 

The new sounds are achieved by the use 
of two filter circuits either singly or in 
combination, both employing LM741 
operational amplifiers to provide band 
pass characteristics. Both filters provide 
gain over a narrow band of frequencies but 
filter A has a gain of unity at low frequen¬ 
cies. By connecting adjusting resistors, the 
band pass frequency can be varied over a 
wide range whilst the band width remains 
constant. 

Filter A will pass the fundamental fre¬ 
quency of the note played plus the har¬ 
monics which lie within the pass band. 
These harmonics being boosted by the 
gain in the pass band. 

Filter B provides very similar boosting 


characteristics to the harmonics but does 
not pass the fundamental. 

Use of filter A or both will provide a 
basic flute-like tone but with the addition 
of the selected higher harmonics. The ef¬ 
fect will be to considerably brighten the 
tone and particularly to increase the attack 
on the leading edge of the envelope. The 
addition of the upper harmonics will not 
produce edgy string-like sounds since the 
width of the pass band is insufficient, the 
sound being more bell-like. 

By setting S4 to auto, VR8 is replaced 
by a field effect transistor used as a 
variable resistor, so that voltage control of 
the pass band frequency can be achieved. 
This allows the use of a waveform 
generator to control the filter frequency 
and provide repetitive effects of almost in¬ 
finite variety. 

The waveform generator circuit is based 
on the 8038. It can provide sine, square, 
triangular and ramp-type waveforms over 
a frequency range of 0-1 to 100 Hz 
approximately. 

The chosen waveform is applied to filter 
B via the f.e.t. TR1 together with a d.c. 
bias which sets the nominal pass band fre¬ 
quency. The amplitude control sets the ex¬ 
tent of the frequency sweep. Many com¬ 
binations of pass band frequency sweep 
amplitude and repetition rate are possible. 


Using the filters with their nominal pass 
band frequencies set by VR7 and VR8 will 
provide very bright voices when used on 
their own or will brighten any combination 
of the organs existing voices. Vibrato will 
enhance all the voices as desired. If the 
waveform generator is used with a sine 
wave to drive filter B an effect similar to 
vibrato will occur but only on the upper 
harmonics. With very small amplitudes 
this can be a very subtle and musical ef¬ 
fect, particularly when the sweep fre¬ 
quency is matched to the tempo of the 
music being played. Many other modern 
effects can be produced with large am¬ 
plitudes of sweep frequency, for example, 
when matched to the beat of the music or 
when very slow, allowing the pass band to 
sweep the whole range. 

Some combinations of the controls will 
not be musical but many new voices and 
combinations of effects will enhance the 
performance of your organ. 

The complete unit should be installed in 
parallel with the existing organ filters. The 
bus bar connections should be made to the 
filter inputs with the outputs going to the 
summing amplifiers. 

B. F. Smith, 
Humberstone, 
Leicester. 
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INTENDED as an addition to 
I microprocessor or VDU keyboards, this 
produces a different pattern of high and 
low tones for each key on the keyboard. 
Although it is not necessary to learn these 
different patterns, after some use the tone 
generator becomes a real aid to accurate 
typing. 

The 8-bit data from the keyboard is 


loaded into a shift register IC1. and latch 
IC3a.c is set, when a keyboard strobe 
pulse is produced. Pulses from the oscil 
lator IC3b shifts the data so that the two 
tone oscillator IC4a,b produce a high tone 
for a I and a low tone for a 0. These tones 
are summed and fed to a small 
loudspeaker. Counter IC2 resets the latch 
after the last data bit is shifted out. 


VR1 sets the speed of shifting, and 
VR2/VR3 adjust the high and low tones 
respectively. VR4 sets the volume. The cir¬ 
cuit shown is for negative strobe pulses, 
but is easily rearranged for positive 
strobes. 

T. P. Hopkins, 
Didsbury, 
Manchester. 


NINE-CHIME 
DOOR BELL 

T HIS bell is programmed by the user to 
play a tune with anything up to nine 
notes. Instead of one oscillator playing the 
tune, two oscillators are used, which are 
tuned so as to give a chord on every note. 

When the bell push is operated, the 
latch formed by IC2 is triggered and the 
decade counter IC3 is reset. The output of 
the latch operates a switching transistor. 
This applies the supply voltage to ICs 1,3, 
4, 5. and 6. At this point, a slow oscillator 
formed by 1C I is started, the output of 
which starts the counter counting. A 
tempo control is provided which speeds up 
or slows down the tune. 

Each output of the counter goes via a 
preset and diode which are commoned and 
the output voltage from each note (which 
is programmed by adjusting the pre-sets), 
goes to two voltage controlled oscillators 
formed by IC4 and 5. Each VCO has its 
individually controllable tune preset. In 
practice these are set up so the notes 
produced form a melodic chord. The out¬ 
put from each VCO goes to a simple 
power amplifier formed by IC6. This is 
provided with a simple volume control 
which feeds a loudspeaker. 

When the last note has played the coun¬ 
ter is automatically reset and the latch also 
resets. The power is removed from all the 
i.c.s except IC2, which is always receiving 
power so the door chime may be triggered. 

Graeme Durant, 
Selby, 
N. Yorkshire. 
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INDUCTIVE DISCHARGE IGNITION 



W ITHOUT going into the controversy 
about the advantages of capacitor or 
inductive discharge ignition versus normal 
ignition, a circuit for inductive discharge 
ignition is presented here. It is a points 
assisted unit in which the coil load of 3-5 
amps is removed to a switching transistor. 
Other features in the circuit are: rev limit, 
points bounce control, long dwell time, 
lower RFI than a CDI system. 

Most ignition coils have a resistance (in¬ 
cluding ballast) of about 3-5 ohms and an 
inductance of some llmH. A time con¬ 
stant of 3 milliseconds results and some 
10 milliseconds are needed for the coil to 
saturate fully after switch-on. In the circuit 
presented the coil is switched on for most 
of the time (long dwell) and is only 
switched off to fire the plugs for about 1 
millisecond. (For very high revs this time 
can be reduced to 500ps.) 

IC1 acts as a I ms monostable and with 


its output normally low TR2, TR3 and 
TR4 are switched on. When triggered IC1 
output goes high for 1ms and switches 
TR2. TR3 and TR4 off for this period to 
fire the plugs. TR1 acts as an inverter to 
trigger the monostable and the circuitry 
around VR1, Cl and D1 act as a rev 
limiter and point bounce control. When the 
points open TR1 conducts and Cl is 
rapidly charged bringing pin 2 of IC 1 low 
momentarily before CI charges up again. 
This triggers IC1. When the points close 
again TR1 stops conducting and Cl dis¬ 
charges slowly through VR1. Points 
bounce occurs on closing and should a 
bounce occur a retrigger cannot occur 
because Cl has not yet fully discharged. 
Should the time constant of Cl, VR1 be 
set very long then Cl may not have dis¬ 
charged when the next firing pulse is re¬ 
quired. A misfire occurs and the revs are 
limited to the corresponding time constant 


set by VR1. In practice VR1 should be set 
at maximum safe engine revs for effective 
point bounce control. 

TR3 and TR4 are high voltage 
switching transistors. Each can handle 3 
amps but gain at this current is low. 
Parallel operation reduces individual 
current to a point where gain is higher 
requiring less base drive. 

The circuitry around D2 to D6, C5, C6 
is for surge control and to prevent high 
reverse voltages across TR3 and TR4. 
Note that C6 has a much lower value than 
a normal car capacitor and this can be 
varied to tune the coil for best output using 
a ’scope. The value shown however is a 
good average value for most coils. 

R. Immelman, 
Somerset West, 
South Africa. 


SIMPLE 

PRESSURE 

SENSOR 


T HIS unit was originally designed as 
part of a burglar alarm system, 
although, as it is capable of giving an out¬ 
put which is almost linearly proportional 
to pressure, it may find many other uses 
such as a tactile sensor in a robot. 



The circuit shown is a linear reading 
pressure sensor. The voltage at the output 
of the potential divider formed by the sen¬ 
sor and Rl (which rises with increased 
pressure) is buffered by IC 1 and fed to the 
amplification stage IC2—the resulting out¬ 


put is directly proportional to pressure. 
The preset VR1 is used to set the output 
voltage to a convenient level in the absence 
of an input. This output could then be fed 
into an A/D converter for use in a robotic 
system. 

The sensor is a piece of conductive 
foam of the type with which CMOS i.c.s 
are supplied. As the foam is compressed its 
resistance decreases. In the prototype the 
foam was sandwiched between a piece of 
p.c.b. material with a wide strip of copper 
removed from the middle, and a piece of 
plain circuit board. Built in this way the 
foam bridges the gap on the p.c.b. 
although the foam could be sandwiched 
between two pieces of copper backed 
board with one terminal of the sensor 
being taken from each. 

The resistor R1 should be approx¬ 
imately $ the value of the uncompressed 
resistance of the foam. 

S. Draper, 
Sudbrooke, 
Lincoln. 
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AUDIO 

ANALYSER 



PRACTI CAL 


Ever wondered what effect your room 
furnishings have on the output of your hi-fi or 
if your amplifier delivers equal power over the 
audio spectrum? Now you can find out with 
our Audio Analyser. We will also describe a 
stereo microphone preamplifier and a noise 
source which can be used with it. 



ELECTRONICS 


OUR AUGUST ISSUE WILL BE OIM SALE FRIDAY, 10 JULY 1981 
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INCLUDING 
V.A.T. POSTAGE 
AND PACKING 


O UR free case has been designed to accept this special offer LE 
DPM 200 digital panel meter. By using this meter a wide range 
of accurate instruments can be constructed with the addition of 
only a few external components. The custom designed l.c.d. con¬ 
sumes only microwatts of power making it ideal for use in portable 
equipment. 

Our offer price including VAT and postage etc., saves £3 on the 
normal 1 off price from Lascar. 


SPECIFICATION 


Input impedance: 
Full scale reading: 
Accuracy: 

Power supply: 

Power consumption: 


Sample rate: 

Auto-zero: 

Auto-polarity: 


Over-range warning: 

Bandgap reference 

(50ppm/°C typ.) 

Digit height: 

Low battery warning: 

Operating temperature: 
Overall dimensions: 
Panel cut-out: 

Display annunciators: 


>100M 
199-9mV 

0-05% of reading ±1 digit 
5-15V d.c. 

50pA (in low power mode), typically 
8,000 hours PP3 life 
3 readings per sec. 

No necessity to adjust for offsets 
Automatic polarity indication elimi¬ 
nates the need to reverse input 
leads to obtain correct reading. 

1 in leading digit with other digits 
suppressed 

incorporated for excellent stability of 
reading 

15mm (0-6") can be read at distances 
up to 10 metres 

direct display, voltage threshold easily 
adjusted 
0°C to 50°C 
72x36x12mm 
68x33mm 

many useful legends are built into 
the custom l.c.d. which may be 
activated as required 


To: Lascar Electronics Ltd., Unit 1, Thomasin 
Rd., Burnt Mills, Basildon, Essex SS13 1LH. Tel. 
0268 727383 


|< 
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li 
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li 


- -l 

Please send me. LE DPM 200(s) at £19-95- 

each inclusive 

I enclose P.0./Cheque No.Value. I 

Make cheques payable to Lascar Electronics Ltd. 

Name . | 

Address. I 


Please allow 21 days for delivery 

OFFER CLOSES FRIDAY 28th AUGUST 1981 

Name . 

Address. 


Ig From: Lascar Electronics Ltd., Unit 1, Thomasin Rd., Burnt 

1 0 Mills, Basildon, Essex SSI3 1LH. 

° Please Note: Orders posted after the closing date cannot be 
| accepted. 
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T HE measurement of light intensity is required in many ap¬ 
plications areas, including photographic exposure meters, 
dust density meters for environmental control, fog density 
meters, flame monitoring in heating engineering, in addition 
to general photometry experiments. 

The DP800 Lightmeter may be easily assembled using 
■the LE DPM200 Panel Meter and very few additional com¬ 
ponents. Extensions of the basic circuit are also described to 
widen the possible applications. 


OPTICAL SPECTRUM 

The optical spectrum is characterised by radiation having 
wavelengths between lOnm and 1mm and may be divided 
into two invisible sections (infrared and ultraviolet) 
separated by a central visible section. Parameters defining 
the visible section are generally termed photometric units 
and the radiant energy is characterised by wavelengths of 
about 380nm to 780mm. The term 'light' only relates to that 
part of the optical spectrum capable of being detected by the 
human eye. 

The rate of flow of visible radiant energy with respect to 
time is the luminous flux which is measured in lumens. For 
light measurements the standard unit is the lux which is a 
measure of the luminous flux density incident upon a surface 
or illuminance (Ev) and is defined as 1 lumen/m 2 . 

One of the traditional components used in light measure¬ 
ment is the cadmium sulphide light dependent resistor. The 
device is easy to apply but produces non-linear variations of 
resistance with respect to incident light. Phototransistors 
were a later development whereby light falling upon the ex¬ 
posed base causes variations in collector current. Operation 
of phototransistors is usually linear over small ranges. 

Luminous fluxes should be measured with photodetectors 
which produce a linear output with special correction to the 
spectral sensitivity of the eye. Silicon photodiodes are 
available which act as variable current sources with output 
proportional to luminous flux and which also provide faster 
switching than phototransistors. 

Fig. 1 shows the relative spectral response of the human 
eye and of the photodiode used in the DP800. When a 
photodiode is reverse-biased the leakage current is indepen¬ 
dent of the applied voltage but a condition is reached when 
the current cannot be further reduced by shielding from 
irradiation; the current then flowing is known as the dark 
current which is typically 1 -4pA for the photodiode used 
(Fig. 2). The true photocurrent generated is the difference 
between the light current, when exposed to radiant energy, 
and the dark current. 


PE Digital Precision Lightmeter DP800 


MARTIN KENT 


CASE 
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operates with 200mV f.s.d. and the photocurrent is scaled to 
the correct voltage by R1 and VR1. 

Typical responsivity of the photodiode is 0-7 pA/mW/cm 2 . 
It is possible to obtain a direct reading of lux by using the 
fact that 1 mW/cm 2 is equivalent to 200 lux, therefore 1 lux 
is equal to a photocurrent of typically 3-5nA. 

The instrument may be easily scaled to provide ranges of 
varying sensitivity. For example, 2000 lux would produce 
7pA photocurrent and to produce 200mV f.s.d. requires a 
resistance of approximately 28kfl, similarly 20,000 lux re¬ 
quires a scaling resistor of 2-8kQ. As a guide, the light 
energy in the UK on a sunny day can be in excess of 
500W/m 2 or 10,000 lux. The wide tolerance in manufac¬ 
turers' specification for the responsivity of the photodiode 
necessitates a wide range of adjustment on VR1. Devices 
with closer tolerance are available but are a great deal more 
expensive. 

The p.c.b. track is shown in Fig. 4 and the component 
layout in Fig. 5. Ribbon cable is used to connect the p.c.b. to 
the panel meter. 

APPLICATIONS 

The circuit can be calibrated by comparison with another 
luxmeter and is capable of measuring light intensity over a 
very wide range, making it useful in photographic and 
general photometry applications. Lux readings may be con¬ 
verted to specific photographic values to enable the instru¬ 
ment to be used as an exposure meter. In the human eye the 
pupil of the iris adapts the area of the aperture, according to 
the effective luminance in the field of vision. The aperture 
area of the pupil acts like a variable stop, so that the solid 
angle for the incident luminous flux on the individual points 
of the retina is variable in the ratio of about 1:16. In 
photography, for a film of given sensitivity (ASA/DIN rating), 
the exposure required for a specific lux reading is dependent 
upon the camera aperture setting (f stop) and the shutter 
speed (since a fast shutter speed reduces the amount of light 
energy striking the film). 

Shutter speeds on cameras are usually in steps of 2:1 
(1/500 s, 1/250 s, 1/125 s etc.) and the aperture f stop 
numbers are also chosen to provide changes of aperture 
area in the range of 2:1 between adjacent f stop numbers, 
with higher numbers indicating smaller apertures. For a 
given lux reading, various combinations of shutter speed and 
aperture setting will produce the same overall exposure and 
the shutter speed may be selected according to subject 
movement etc. Examples of camera settings for 
ASA100/DIN21 type film are shown over. 




Bright Sunlight f stop 22 16 11 8 

shutter speed 60 125 250 500 

For reduced lux readings, combinations should be chosen to 
provide greater exposure. 

Cloudy Conditions fstop 8 5-6 4 2-8 

shutter speed 60 125 250 500 


ALTERNATIVE CALIBRATION 

An alternative method of calibrating the Lightmeter is to use 
an 18% grey scale test card which is used widely for calibra¬ 
tion of photographic exposure meters. These meters are 
calibrated to read correctly when directed at the standard 
grey scale which is of density such that 18% of the incident 
light is reflected. 
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OTHER CIRCUITS 

When making low level lux measurements of luminous 
objects an adjustable offset control may be added to the 
basic circuit to remove the effects of ambient lighting or of 
the photodiode dark current at very low levels. Fig. 6 shows 
the method of incorporating an offset adjustment using a 
voltage divider across a bandgap reference integrated cir¬ 
cuit. 

For darkroom use the photodiode may be mounted 
remotely from the instrument, via screened cable, and used 
to measure the exposure required. The enlarger projects an 
image of the negative on to the photosensitive paper and the 
photodiode should be positioned to receive the radiation 
reflected from the paper. The photodiode should only 
evaluate the central picture content. 



RATIOMETRIC MEASUREMENTS 

The versatile nature of the LE DPM200 may also be har¬ 
nessed to provide ratiometric measurements, enabling the 
ratio of the most exposed to least exposed areas of 
negatives to be indicated, as shown in Fig. 7. 

Ratiometric measurements are also useful in absorption 
experiments. Critical properties of materials, which are of 
particular interest in the fields of chemistry, medicine and 
pollution control, are characterised by absorbence. The 
general arrangement for absorbence measurements is 



shown in Fig. 9. The relationship between absorbence, A, 
and light intensity, E, is: 

A = logE, 

Et 

where E| = intensity of incident light 

Et = intensity of transmitted light 



Fig. 9. Making absorbence measurement 


The two photodiode inputs to the panel meter represent 
the intensity of light transmitted through space and through 
a medium that absorbs light. Relative absorption of the 
medium will be directly displayed and absolute absorption 
may be calculated if desired by taking the log of the dis¬ 
played value. 


COMPONENTS . . . 

Resistors 

R1 1k5 carbon film 5% 

R2 15k carbon film 5% 

VR1 5k multiturn preset 

VR2 50k multiturn preset 

Semiconductors 

D1 Photodiode RS305-462 

Miscellaneous 

ME1 LE DPM200 (see special offer) 

Instrument case, front panel label, p.c.b., 4P3T slide switch. 
Ribbon cable. PP3 battery connector 

A kit of components required for the Lightmeter is available 
at £9.95 inc. VAT (excluding LE DPM200 and case) from 

Lascar Electronics Ltd., Unit 1, Thomasin Road, Basil¬ 
don SS131LH. 
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HUNGARIAN MAGIC CUBE 
The ultimate intellectual puzzle? 


THESE SPACE INVADERS WILL ALARM YOU 



"TOMORROWS WORLD” 23 April, I 


Create your own music with a VI TONI I 

and the V11 plays it bach ... beautifully! 

VL-1 Electronic Musical Instrument __ ^ ***** -sag: 
and Calculator^^^^M 

;fe, FtTtI 4 4 111 I I * 

ftTn* *«»»"» 



melody. The notes are replayed in correct se¬ 
quence simply by tapping the replay key and duration and tempo can be varied. 

Auto play: Lets you re-listen to the melody you have played by the ONE-KEY PLAY. 
Manual play can also be recorded and played back. Notes are shown on the LC Dis¬ 
play and individual notes can be added or deleted as required. 

Auto rhythm: 10 built-in rhythms and a 19 step tempo control with digital readout. 
Can be incorporated in manual playing or added to your recording. 

Facilities: LCD calculator display, note display and tempo display. Built-in amplifier 
and loudspeaker. Output jack. Pitch control. Battery power and light weight (438, 15-4 
oz) allows playing anywhere. AC adaptor £5. 

Dimensions: 30mm x 300mm x 75mm(I*by 11*by 3"). 

****** NEW CASI0T0NE 202 ****** 

"Spn of success... Even more impressive is the clav ... The two harpsichords 
demonstrate the Casiotone's talent for sparkling, crystal clear tones”. (Melody Maker). 
Polyphonic playing of 49 instruments over 4 octaves with 3 vibrato settings and sus¬ 
tain. 4 voice memory with button selection. Integral amp/speaker, pitch control. 

Output jacks. AC powered. RRP£325. ONLYI27J. 

OTHER CASI0T0NE KEYBOARDS 

MT-30 Polyphonic. 22 instruments over 3 octaves. Battery/mains (RRP £115) £95. 
CT-301 Polyphonic, 14 instruments over 4 octaves. 8x2 rhythm accompaniments. 
Vibrato, delayed vibrato. Pitch control. Output jacks. AC only (RRP £285) £245. 
CT-401 As CT-301 but with Casio Auto Chord for one finger or auto accompaniment. 

- -jttb ' zith bass. Integral sustain and hold. (RRP 


Plays major, m 
£345)£295. 


A CLASSIC IN ITS TIME 

Battery powered, with integral stand. Ideal for car, caravan, boat, domestic 
or office use, or as a pocket watch (leatherette pouch with window included). 

PQ 20 
ALARM 
CLOCK 



(RRP £14-95) 

ONLY 
£12-95 

Large LC Display of full digital time. Symphonic alarm (Mozart, No. 40) or 
buzzer, with snooze facility. Hourly time signal option. Integral speaker and 
amplifier. Rapid setting. Accuracy ± 15 secs/month. One lithium battery 

- ■->-*>-- r->:— 9.3 x 108 X 48mm. (y x4| x If"). 53g (l-9oz). 

PRICE includes VAT and P&P. Send cheques, P.O. or phone 
your ACCESS or BARCLAYCARD number to: 


TEMEUS 




Full time (12 or 24 hour) and calendar display. Half-hourly time signal 
option. Alarm. 1/100 second stopwatch. Lap timing. Countdown alarm 
timer with repeater memory function. Time is always visible regardless of 
display mode. Nightlight. 9 -65mm thick case. Mineral glass face. Amazing 5 
year battery life. 

OTHER CASIO WATCHES , 

Sports Chronograph: F-500, Resin £9-95. Alarm Chrono: F-81, Resin 
£15-95. ALARM CHRONOGRAPHS: Melody A/C: M 12, Resin £19-95. 
M 1200. S/S £29-95. LCD Analogue/Digital A/C: AA-81, Chrome £29-95. 
AA-82, S/S £39-95. AA-81G, Gold pi. £49-95. *** NEW! "• UC-50W, 
S/S 50 metre Water Resistant A/C with full month calendar display 
(forward/reverse stepping), chimes etc £19-95. 
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Fig. 1. Typical 
sound levels 
found in different 
environmental 
conditions. 


circuits increases. Discrete r.m.s. measurement circuits are 
complex and difficult to set up due to the problem of requir¬ 
ing to calculate the square root of the mean sum of the input 
values squared. 


SPECIFICATION 

Measurement Range 60-110dB 

Resolution 0-1 dB 

Accuracy 0-5dB 

O NE of the health hazards under constant attack by 
environmentalists is high sound level. In factories, 
offices, airports and indeed most situations where men and 
machines are placed together, the monitoring of sound 
levels is very important. If sound levels are high, then work 
'ate can be impaired, pain may be induced and even perma- 
tent damage to hearing may be caused. 

The DP700 Noisemeter is an extremely compact instru¬ 
ment, with very low power consumption, which measures 
between 60 and IIOdB. True r.m.s. measurements are 
made by a new integrated circuit to achieve good accuracy 
from widely varying input waveforms. The instrument is 
simple to operate and will be found useful in checking sound 
levels at work or home. Many hobbies require the partici¬ 
pants to be aware of sound levels including model aircraft 
and car rallying. Audiophiles can also use the instrument for 
checking sound systems and room accoustics. 


SOUND MEASUREMENT 

A graph of typical sound levels found in different environ¬ 
ments is shown in Fig. 1. Intensity of sound covers an 
extremely wide range and if measurements are made with a 
conventional linear meter, then very large numbers are 
involved. Sound measurements are normally made on the 
dB scale to compress the readings and make the numbers 
more usable; also the human ear responds to sound 
logarithmically rather than linearly. It can be shown that if a 
certain sound level is taken as the OdB reference, then a 
120dB reading corresponds to an increase of 1,000,000:1 
and long scale length instruments would be required to 
make such measurements. 

The decibel (dB), or one-tenth of a bel (B), is defined as 
the logarithm of an electrical power ratio of 1.259:1. The 
number of dB corresponding to the ratio of two powers is 
giyen by 10 log (Pj/P,), consequently the number of dB 
corresponding to the ratio of two voltages is given by 20 log 
(V 2 /V,) since power is proportional to the square of voltage. 

The DP700 is designed to operate with an electret con¬ 
denser microphone which converts sound pressure acting on 
a capacitive element into a voltage which is amplified by an 
integral i.c. amplifier. 

The most accurate method of measuring alternating 
voltages is to determine the r.m.s. value. The majority of 
instruments which measure a.c. inputs employ averaging 
circuits which are scaled to provide r.m.s. indication 
provided the input waveform is sinusoidal. Sound 
waveforms are usually anything but sinusoidal and as the 
peak value moves further away from the mean (increasing 
crest factor) so the error in measurement using averaging 
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The manner in which the corresponding dB scaling 
increases with voltage output from the microphone is shown 
in Table 1. 


TABLE 1 



Voltage Ratio 

dB 


10 

20 

Table of dB scaling 

100 


increases with output 

1000 

60 

of microphone. 

10,000 

80 


100,000 

100 


1.000,000 

120 



To achieve a wide span of readings a logarithmic amplifier is 
clearly required to convert the microphone voltage to a dB 
scaled voltage. Most sound level meters employ large num¬ 
bers of ranges in order that approximations to the log value 
can be made over a narrow range. Such instruments nor¬ 
mally employ centre-zero moving-pointer meters and can be 
awkward to use. 

TRUE R.M.S. 1C 

The Noisemeter has been designed for ease of use and 
provides clear unambiguous indication from 60dB to 1 ibdB 
without the need to change ranges. A new integrated circuit 
from Analog Devices, the AD636, is a laser-trimmed device 
which computes the true r.m.s. value of a complex input 
signal and produces a dB scaled output in addition to a linear 
output. The AD636 is designed specifically for interface with 
instruments such as the LE DPM200 panel meter and also 
requires low supply current to complement the ultra-low 
power of the panel meter. 

The block diagram of the DP700 is shown in Fig. 2. A 
transistor amplifier interfaces the electret condenser 
microphone to the AD636 which converts the true r.m.s. 
value of the a.c. input to a d.c. value scaled in dB and is read 
directly by the LE DPM200. 



CIRCUIT DESCRIPTION 

The circuit diagram of the Noisemeter is shown in Fig. 3. 
Transistor TR1 forms an input amplifier to permit a variety of 
microphones to be used and the input level is adjusted by 
VR1. The AD636, IC1, computes the root-mean-square 
relationship: 

Vrms=^V | N 2 

where V| N 2 is the average of the squared instantaneous 
values of the input voltage over a nominal period. High crest 
factors of input waveform can be accepted without loss of 
accuracy. 

The absolute value of the input signal is taken and conver¬ 
ted to a current which is applied to a squarer circuit. The out¬ 
put current drives a current mirror through a low pass filter, 
the time constant of which is controlled by C4. The current 
mirror produces a current corresponding to the r.m.s. value 
of the input voltage and a voltage output of —3mV/dB. 

The OdB reference point is adjusted by VR2 which con¬ 
trols the internal reference current of the AD636. A range of 
50dB is possible with the device and the panel meter 
reading is offset to provide a 60dB display with zero input 
voltage, such that the instrument is usable from 60dB to 
110dB. The offset is adjusted by VR3. 

Scaling of the panel meter is adjusted by VR4 which sets 
the reference voltage. The AD636 produces an output of 
—3mV/dB and the panel meter operates with a 300mV 
reference voltage instead of the usual lOOmV. Operation pf 
the panel meter is ratiometric such that: 


Display = 1000 -— 

VREF 


The instrument is designed around a self-contained 
microphone with remote on/off switch and connected via 
two jack plugs. Easier access to machinery etc. is therefore 
provided than if the microphone element was mounted in 
the case. The remote on/off switch minimises the already 
very low current consumption of the instrument due to the 
use of the LE DPM200 panel meter. The microphone may, of 
course, be detached for use in recording or other sound 
systems. 

ASSEMBLY AND TESTING 

Very few components are required in addition to the LE 
DPM200 to complete the instrument. To ease the calibra¬ 
tion, four wire links LKA-LKD are provided which should be 



Fig. 3. Circuit of Noisemeter. 
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Fig. 5. Front panel template. 


omitted at this stage. When complete the pcb is connected 
to the panel meter by ribbon cable. 

A 3-5mm jack socket mounted on the front case connects 
the input signal from the microphone and a 2-5mm jack 
socket connects the remote on/off switch. Connect the 
microphone to the sockets and a battery to the PP3 connec- 

Testing and calibration should be carried out as follows: 
Ensure that link LKA connecting VR2 to IN LO is removed 
and then insert the link LKB to short IN HI to COM. The 
offset controls are now overriden, a lOOmV d.c. reference 
voltage should be connected between IN LO and COM and 
VR4 should be adjusted to make the display read 33-3 to 
accommodate the 3mV/dB output of 1C 1. Disconnect the 
reference voltage. 

Remove link LKB and add link LKC. VR3 should now be 
adjusted to provide a display of 60-0, corresponding to 
60dB reading with zero input. Remove links LKC and LKD, 
add link LKA. Connect a lOmV r.m.s. sinewave of typically 
1kHz between Test Point A and COM. Adjust VR2 to return 
the display to 60 0 to establish the OdB reference point for 
the AD636. Disconnect the a.c. input and add link LKD. 

Using a sound reference of typically 80dB, or comparing 



against another calibrated meter, VR1 should be adjusted to 
provide the correct reading for the particular microphone 
used. ★ 





COMPONENTS . . . 

Resistors 



R1 

4k7 i 


R2 

1M 


R3 

4k7 


R4 

1M I 


R5 

18k 

. Carbon film 5% 

R6 

5M6 


R7 

150k 


R8 

33k 


R9 

10k 


Variable Resistors 


VR1 

50k i 


VR2 

VR3 

1 M 1 
50k : 

[ Multiturn presets 

VR4 

20k ■ 

1 

Capacitors 



Cl 

1p5 . 


C2 

C3 

1p5 

1p5 

j Tantalum Bead 16V 

C4 

1p5 . 

1 

C5 

10p 

16V elect. 

Semiconductors 


TR1 

8C237 


ICt 

AD636JH (Lascar Electronics) 

Miscellaneous 


ME1 LE-DPM200 (see special offer). JK1 3-5mm jack 
socket. JK2 2-5mm jack socket. PP3 battery connector, 
instrument ease, p.c.b., ribbon cable. Microphone etectret 

condenser 

with remote switch type and preamp 

VB, 33L. 

A complete kit of components for the 

Noisemeter 

is available at £29.95 inc VAT fexclud- 

ing LE-DPM200 and case) from Lascar Electronics 

„ Ltd, Unit 1, Thomasin Rd, Basildon, Essex, SSI3 1LH. , 
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ONLY £1 GETS YOU OUR LATEST CATALOGUE OVER 250 LINES PLUS £30 WORTH DISCOUNT VOUCHERS 

SAXON ENTERTAINMENTS (Dept PE) MAIL 0RDER (01| 684 8007 

327/333 Whitehorse Road, CREDIT LINE (01) 689 7826 JzL. 

Croydon, Surrey CRO 2HS. Send cheques or crossed PO's or ring (011 684 8007 . 

Mon-Sat 9am 5pm fo, COD, ACCESS or BARCLAYCAR0 '™ T \ 

(LICENSED CREDIT BROKERS) We deliver anywhere UK/N IRELAND/W. EUROPE 
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The hardware and software exchange point for PE computer projects 

IT DOES BOTH! 


Sir—Without an assembler, the easiest 
way to store machine language programs is 
as a BASIC program of DATA statements, 
and poke them into the correct memory 
locations. Unfortunately this requires the 
conversion of hex instructions into decimal 
numbers and the writing of the BASIC 
program. The HEC DEC program does both! 

Simply enter the instructions as pairs of 
hex digits separated by Return and enter 
"X" to mark the end of the data. The BASIC 
program will then be sent to the cassette. 
Then LOAD the program back and add any 
necessary POKE instructions. 

Comments on the program: 

Line 30 set the dimension of B as required. 

Line 40 two hex digits must be entered. 

Line 70 X terminates the data entry. 

Line 160 six DATA items per line. 

Line 200 an option to retransmit the program. 
RETURN exits. 

No check is made for illegal data entry, this 
could be added if thought necessary. 

10 REM HECDEC PROGRAM 
20 REM NOEL CAFFREY JAN 
1981 

30 K= 1: DIM B(200) 

40 INPUT “HEX DATA . . ”; A$ 

50 I =1: N = 0 

60 S0 = MID# (AS,1,1) : C = 
ASC(SS) 

70 IF S0 = “X” THEN GOTO 130 
75 IF LEN(AS)><2 THEN PRINT“ 
ERROR . . . RE ENTER”: 

GOTO 40 

80 IF C< = 57 THEN N = N + 
C—48 

90 IF 057 THEN N= N + C-55 
100 IF 1= 2 THEN GOTO 120 
110 1=2: N=N*16: GOTO 60 
120 B(K) = N:K = K + 1: GOTO 40 
130 PRINT “:TURN ON TAPE 
RECORDER”: SAVE 
140 FOR I = 1TO 10000: NEXT 
150 L = 1000: PRINT L; “DATA”;: 

FOR I = 1 TO K-l: PRINT B(I); 
160 IF 1/6 <>INT(I/6)THEN GOTO 
180 

170 L = L+ 100: PRINT: PRINT L; 

“DATA”;: GOTO 190 
180 PRINT'S”; 

190 NEXT 

200 PRINT: INPUT”: ANOTHER 
COPY”; W$ 

210 GOTO 150 

Noel Caffrey, 
Castleknock, 
Co. Dublin. 

SCROLL CONTROL 

Sir—While writing a program to convert 
hexadecimal to decimal and vice-versa for 

• 


my UK 101, it became apparent that it was 
not possible in BASIC to prevent the screen 
rolling up and leaving the input message on 
the screen. IAt least, this could not be done 
within a reasonable time.) As this was re¬ 
quired, / wrote the following program which 
enables one to leave the input message on 
the lowest line of the screen and only the 
resulting output is rolled up. It does 
however require a machine code routine. 
The accompanying program shows how the 
procedure works and uses the trivial (but 
short!) example of finding a square-root. 
Some of your readers may find this useful, 
especially for "conversion-type" programs; 
the output is very neat and uncluttered. 

The routine as given works on an 8k 
machine, memory should be restricted to 
8100 bytes at start up. The machine code 
is stored at IFA4 to 1FC6. For a 4K 
machine lines 35 and 400 should be 
altered to read : — 

35 POKE 11,210: POKE 12,15 
400 DATA 4050, 35 
The machine code then starts at 0FD2, 
memory should be restricted to 4050. 

In passing it may be worth noting that in 
my hex. to dec. program / had to ensure 
that any input was valid by inputting it into 
a DIM field, this prevents any "REDO" 
messages being put out by the interpreter 
which would spoil the effect. 

10 REM NEAT OUTPUT ROUTINE 
20 REMBYS.FJ. 

30 GOTO 50 

35 POKE 11, 164: POKE 12,31 
40 LET X = USR(X) 

45 RETURN 

50 READ SP, N1 
60 FOR I = 1 TONI 
70 READ RE 
80 POKE SP, RE 
85 LET SP = SP + 1 
90 NEXT 

100 FOR I = 1 TO 15: PRINT: NEXT 
110 INPUT “INPUT NUMBER”; N 
120 IF N < = 0 THEN 300 
130 LET S = SQR(N) 

140 GOSUB35 

150 PRINT TAB(10); N; TAB(25); S 
160 PRINT TAB(10); 

170 FOR 1=1 TO 25 
180 PRINT CHRS032); 

190 NEXT 
200 PRINT 
210 GOTO 110 
300 GOSUB35 

310 PRINT TAB(10); N; TAB(26); 

“INVALID!” 

320 GOTO 160 

400 DATA 8100, 35 

410 DATA 169,0, 170,169,64 


420 DATA 168, 169, 191, 133,225 
430 DATA 169,211, 133,226, 161 
440 DATA 225, 145,225, 198, 225 
450 DATA 169,255, 197,225, 208 
460 DATA 244,198, 226,169,207 
470 DATA 197, 226, 208, 236,96 

Stephen Jaworski, 
Walsall. 


POOLS AID 

On a light hearted note, here is a program 
which turns your UK 101 into a punter’s aid. 
Beats a blindfold and pin! 

10 INPUT “HOW MANY 
MATCHES ARE ON THE 
COUPON”; U 

20 INPUT “HOW MANY LINES DO 
YOU WISH TO ENTER”; V 
30 INPUT “HOW MANY 

MATCHES TO BE CHOSEN PER 
LINE”; W 

40 DIMA(W): L=INT 
(W*RND(1)+V) 

50 FOR T=lTOL: PRINTTAB(19) 
“THINKS”: FORX=lTOW 
60 B=INT(U*RND(1)+1): FORY= 
1TOW: IFA(Y)=BTHEN60 
70 NEXT: A(X)=B: NEXT: FORZ= 
1TOW: FORQ=lTOW 
80 IFA(QKA(Q-1)THENS= 

A(Q): A(Q)=A(Q—1): A(Q-1)=S 
90 NEXT: NEXT: FORY=lTOW: 

1 FT>L—VTHENPRINTA(Y); 

100 IFY=WTHENPRINT 
110 NEXT: NEXT: PRINTTAB(30) 
“GOOD LUCK”: END 

It will be noticed that an inefficient rank¬ 
ing method is used at 70-80. This adds to 
the suspense by stowing the execution con¬ 
siderably, so that a typical run may take 
about a minute. 

The writer will be happy to accept 0-01% 
commission from winners of half-a-million 

R. J. Newman, 
Chesham, 
Bucks. 

WARM START INTERRUPT 

Sir — Concerning Mr. N. Climpson's Screen 
Editor on tape, from the July 1980 edition 
of Practical Electronics, / am sure / am not 
the only one who becomes infuriated when 
POKE 536, 45:POKE537,31 has to be 
typed in every time the machine is warm- 
started, to re-activate the editor. Hence / 
have designed a very simple machine code 
routine, which will re-activate the editor 
automatically after a warm start: 

50076 DATA 169,45, 141, 24,2,169,31, 
141,25,2,76, 116, 162 
50078 FOR 1=546 TO 558:READ 
A:POKEI, A:NEXT 
5 0080 POKE01,34: POKE 2,2 
50082 NEW 

(This should be added on to the end of 
the editor, and saved as a whole.) 
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All this does, is point the jump to warm 
start (addresses 0000-0002) to a simple 
routine to put 45 and 31 into addresses 
536 and 537, respectively and then jump 
to address A274 to warm-start. 

This method of, interrupting the warm- 
start can incorporate any routine (for exam¬ 
ple to re-activate the error message 
program of D. J. Anderson, see September 
PE). / hope this will be useful. 

Martin Stiby, 
Dunstable. 


TRACE PROBLEM WITH 
CEGMON 

Sir — Mr. Beckett's TRACE program works 
very well on the standard UK 101, and 
promises to be very useful. With the 
CEGMON, however, there seems to be a 
problem, and I wonder if anyone can help. 

When the TRACE program is loaded and 
X = USR(X) entered one of three things 
happens: 

1. TRACE operates as intended. This 
happens rarely, maybe due to some random 
store contents not under control. 

2. The keyboard locks up, and nothing 
further can be done. 

3. TRACE operates only while the space 
bar is held down, and single stepping (a 
potentially useful feature) can be achieved 
by pressing and releasing the space bar. 

Occasionally both 1 and 3 are available. 
Pressing■ any key makes the subject 
program run continuously with TRACE, and 
pressing the space bar stops it. 

The trace program given with the 
. CEGMON is inferior, since it destroys the 
printing format, and especially with 
graphics one cannot follow what is 
going on. 

R. J. Newman, 
Chesham, 
Bucks. 


DYNAMIC CHANGEOVER 

Sir —/ refer to the letter "2MHz Conver¬ 
sion" in Microprompt, Practical Electronics, 
September, 1980. You note that the 
1 MHz/2MHz changeover switch cannot be 
used while the machine is working. The cir¬ 
cuit below allows this frequency change to 
be performed while running, it is not infalli¬ 
ble, but if the machine does hang up, Reset 
followed by Warm Start will usually restore 
the program. 

The 7400 is wired as a pair of cross- 
coupled NAND gates, to debounce the fre¬ 
quency change switch. The output is used 
to drive the 74157, feeding either 1 or 
2MHz to pin 9, wired to 00 (pin 37 of IC8, 
6502). 


With reference to the new monitor for 
the UK101, I have found that programs 
recorded at 600 baud often show corrup¬ 
tion when being loaded (the 50th character 
of a line repeats the 49 th) if the machine is 
running at 1MHz. The problem disappears if 
2MHz is used. Has anyone else noticed 
this? The original monitor does not show 
this problem. 

D. P. Goulder, 
Comberton, 
Cambs. 

PRINTER INTERFACE? 

Sir — / wish to interface a Centronics printer 
to my UK 101 and wondered if this could be 
done using the PE decoding module. If so, 
how? / would appreciate details on how to 
do this if it is possible. 

N. Odell, 
Sheffield. 

PS: The printer requires seven data bits 
and Strobe, Acknowledge and Busy lines 
are provided. 

REPLY 

Yes there is nothing that cannot be done 
with the Decoding Module! 

You could drive your printer from Port B of 
the PIA, though you may need to buffer each 
data line with something like 7407 gates. 

To get it to print, you will need to take the 
strobe line low while data is on the output of 
the port. One way would be to connect bits 
0-6 of the PIA directly to the 7 data lines of 
the printer (possibly via a buffer), and to con¬ 
nect bit 7 of the PIA to your strobe line. 

Take the busy line to CBI. of the PIA and 
then all you need is some software. This will 
be a short program which picks up the SAVE 
vector and: 

1) Configures the PIA for output on port 1 
1 a) Puts bits 7 high 

2) Monitors the busy line (on CBI) until it is 
not busy 

3) Outputs the character in the Accumulator 
to the port. 

4) Takes bit 7 low, then high again to perform 
the strobe 

5) Loops back to the UK 101 output routine 
This would be a fairly short machine code 
routine that could be located in the spare 
space at 0230 hex. 

D. E. Graham. 

IMMEDIATE ERROR BANISHED 

Sir — One minor irritation on the UK 101 
Superboard is the OM error message after 
the first command in immediate mode 
having just returned to BASIC from the 
monitor. This is especially annoying 
whenever a long instruction has been used, 

FOR X = 7000 TO 8191 : PRINT 
CHR$(PEEK (X)):: NEXT 



Here is a patch of six bytes to avoid the 
OM error. The stack pointer is set to 255 
(FF in hex) before the warm start. 

0000 4C FA 20JMP $02FA; 

TO THE PATCH 

02FA A2 FF LDX # $FF 

02FC 9A A2TSX 

02FD 4C 74 JMP$A274 

The BASIC program pokes the patch into 


5 REM TO AVOID OM ERROR MESSAGE 
10 FOR X = 762 TO 767 : READ Z: 

POKE X,Z: NEXT 
15 POKE 1,250: POKE 2.2 
20 DATA 162, 255, 154, 76, 116,162 
25 END 

Robin H. Tracy, 
Coventry. 


STRING ANSWER 

Sir—In response to R. J. Newman's query 
in the May 'Microprompt' the function 
STRS(X) is so designed that a leading blank 
jASCII=32) will be inserted into the string 
from STR$(X) unless the number to be con¬ 
verted is negative—in which case the 
leading blank will be replaced by a minus 
sign (ASCI 1=45). 

Eg. 

100 X= -8:X$ = STRS(X) 

110 PRINTX$; 

120 PRINTASC(X$) ;ASC (MIDStXS, 2, 

1 » 

RUN 

-8:45 56 


Christopher Davies, 
East Sussex. 


TAPE VIEWER 

Sir — Mr. Derry's letter (PE November 
1980) was most welcome to one who has 
been making clumsy attempts to add auto¬ 
run to Basic programs. It would be useful to 
add that POKE 515.0 should be the first ex¬ 
ecutable instruction in any auto-run 
program, so that other data on tape will not 
load and foul up the program. 

His section on RAMIess messages sent 
me to Edward H. Carlson's book "AHAbout 
OSI BASIC in ROM" (Edward H. Carlson, 
3872 Raleigh Dr. Okemos, Michigan 
48864, USA) which inspired the following 
program for reading messages and 
programs without loading them into 
memory. 

1 A=61440 : B=A+1 

2 WAIT A,1 : ?CHR$ (PEEK(B)); s 
GOTO 2 

RUN the program, use CTRL/C to exit. (It 
may be necessary to stop the tape if un¬ 
modulated tone is playing through.) No 
errpr messages, no use of RAM (other than 
VDU RAM), and no waiting for ten minutes 
while EXMON loads! Any desired program 
line or message can be taken from the 
screen using one of the screen editors now 
available. 

Mitch Park, 
New Zealand. 
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E/MONITOR RELOCATED 

Sir — In response to Mr. Walton's enquiry in 
the January 81 issue in Micro Prompt, / 
have successfully relocated the Extended 
Monitor to run at $1800-$ 1FFF leaving 6K 
below it. 

The Extended Monitor uses an address 
table to select the function required. The 
ASCII value of the letter typed in is conver¬ 
ted into an index which points to an ad¬ 
dress within the table. The 2 bytes of the 
address are fetched and pushed onto the 
stack, followed by the Processor Status 
Word. Control is then passed to the sub¬ 
routine by executing an RTI (Return from 
Interrupt) instruction. The return address for 
the subroutine has been pushed onto the 
stack prior to this. 

The address table is located at 
$0960-$0999 and is shown in Fig. 1. The 
procedure for successful relocation is as 
follows: 

(1) Make a new copy of the program at 
the required location using the relocation 

(2) Determine the relocation constant 
(the amount by which the starting address 
has been increased), e.g. to locate at 
$ 1800, the relocation constant is $ IOOO. 

(3) Add the relocation constant to 
$0960 to give the base address of the new 
address table. Also, add the relocation con¬ 
stant to the addresses stored within the 
table. 

(4) Step through the table starting at the 
base address you have calculated and 
change all the incorrect table entries (this 
will be most of them). 



Table 


Character 

Address 

Contents 

<8 

0960 

OB53 

A 

0962 

0BB3 

B 

0964 

0C9A 

C 

. 0966 

0CBF 

D 

0968 

0CD2 

E 

096A 

OC57 

F 

096C 

0DA3 

G 

096E 

0BC1 

H 

0970 

OE33 

I 

0972 

0C12 

J 

0974 

0809 

K 

0976 

OBAF 

L 

0978 

OF43 

M 

097A 

0D91 

N 

097C 

OD35 

0 

097E 

0F29 

P 

0980 

OBBO 

Q 

0982 

0D14 

R 

0984 

0DB7 

S 

0986 

0EC3 

T 

0988 

0C6E 

U 

098A 

084C 

V 

098C 

0F3B 

w 

098E 

0D7E 

X 

0990 

0BB2 

Y 

0992 

0BB1 

z 

0994 

0FB7 

Return Address 

0996 

08 IE 

Brkpt. Routine 

0998 

0BC7 

Fig. 1 Extended Monitor Address 
Table 


The new version of the Extended Monitor 
is now ready to run. If after jumping into the 
new version, all seems well, make sure by 
erasing the old version using "Fill". 

Fig. 2 shows the table values required to 
run at $ 1800 and incorporates the follow¬ 
ing changes: 

J transfers control to $0300 
U Jumps to Cold Start Basic ($BD 11) 

Z jumps to the old monitor at $FEOO 
Having relocated the Extended Monitor, 
you now need to either burn it into EPROM 
or else make a new self-executing tape. As 
the procedure for making a new tape is 
rather long. / suggest that anyone wishing 
to know how to do this should write to me 
(via PE—Ed), John Riley, B.Sc., 

Coventry. 


Character 

Table 

Address 

Contents 

@ 

1960 

1B53 

A 

1962 

1BB3 

B 

1964 

1C9A 

C 

1966 

1CBF 

D 

1968 

1CD2 

E 

196A 

1C57 

F 

196C 

1DA3 

G 

196E 

1BC1 

H 

1970 

1E33 

I 

1972 

1C 12 

J 

1974 

0300 

K 

1976 

1BAF 

L 

1978 

1F43 

M 

197A 

ID91 

N 

197C 

1D35 

O 

197E 

1F29 

P 

1980 

1BB0 

Q 

1982 

1D14 

R 

1984 

1DB7 

S 

1986 

1EC3 

T 

1988 

1C6E 

U 

198A 

BD11 

V 

198C 

1F3B 

W 

198E 

1D7E 

X 

1990 

1BB2 

Y 

1992 

1BB1 

Z 

1994 

FEOO 

Return Address 

1996 

181E 

Brkpt. Routine 

1998 

1BC7 

Fig. 2 Address Table for Extended 

Monitor at Si 800 



M/C FOR PSG 

Sir — When using the programmable sound 
generator, it soon becomes apparent that 
machine code is much faster and more 
efficient on memory than BASIC. But even 
here, with several more complex sound 
effects, some sort of loader is required. The 
following program takes data from a table 



and loads it into the PSG registers. Put the 
starting address of the table in $EO, $E1 (to 
byte first). The table should follow the 
format: 

REGISTER 
CONTENT 
REGISTER 
CONTENT 
REGISTER 
CONTENT 
$FF 

To execute .G0222 

0222 A000 
0224 B1E0 
0226 C9FF 
0228 D001 
022A 60 
022B 8DF0F1 
022E C8 
022F B1E0 
0231 8DF1F1 
0234 C8 
0235 18 
0236 90EC 

The addresses at $022C-D and $0232-3 
will need altering for PSGs not located at 
$F1FO and $F1 FI. 

T. D. Allen, 
Poole. 


OVERLOADED BUS 

Sir—There is a fault in the UK 101 circuit 
which may well have put a number of com¬ 
puters into cupboards gathering dust. It 
concerns the loading on the address bus 
line A10. This processor line is very heavily 
loaded with LSI integrated circuits (16 
RAM inputs and 5 ROM inputs). It is also 
expected to drive one full t.t.l. load, namely 
IC21b- ^ of a 7404. 

/ had rather a lot of problems getting my 
UK101 to work - 5 or 6 faulty t.t.l. circuits 
and a solder bridge which destroyed two 
74123s. Since getting it working, one ROM 
and three RAMs have failed. My own 
preference for a Buffer, after giving con¬ 
siderable thought to the subject, is to use a 
74LS output with a pull up resistor to the 
+51/ line. This resistor should ideally be a 
constant current resistor and I've realised 
that of a CD40698 with input shorted to 
earth is the ideal sort of resistor - the gate 
■output, of course. 

The circuit / propose to use is shown 
below left, and / welcome comments on 
this. 

On further consideration of the UK 101 
circuit / realize that the processor R/W line 
needs similar treatment. A8 and A9 also 
look poor, but / would guess that IC171, a 
74LS139. has inputs which cause fewer 
problems. 

There are some spare t.t.l. inverters 
available in IC18 so all one really needs is a 
CD40698 to make these changes, though / 
will have to open the case of my UK101 to 
check this. 

J. D. Owen, 
Pendine, Dyfed. 


LDY//S00 

LDA($E0),Y 

CMP//SFF 

BNES022B 

RTS 

STASFIFO 

INY 

LDA($E0),Y 

STASF1F1 

INY 

CLC 

BCC $0224 
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VARIABLE INTENSITY 

The tone control occupies IK of memory 
between D400 and D800 (Just after the- 
video refresh memory). To save space and 
money the unit uses the address decoding 
of the UK!01. A SEL signal is derived from 
pin 9, 1C20, which decodes A10, A11 and 
A12, A13, A14, and A15 (via IC23). The 
unit also uses the video address bus 
(VA0>VA9) and is therefore wired to the 
compukit board and not taken via the ex¬ 
pansion sockets. 

SEL takes the 2114s WR low, enabling 
data to be written into the 2114 through an 
LS243 (tristate buffer) which is enabled by 
SEL. SEL is also required to take control of 
the VA bus from the binary counters. This is 
also the function ofVA (pin 6,1C56) for the 
video refresh memory. VA and SEL are 
therefore decoded and a new signal VAS 
(video address select) is formed. The p.c.b. 
track to pin 6, IC56 must be cut for this 
function. 

In normal operation the binary counters 
address the 2114 through the VA bus. The 
data corresponding to the location's inten¬ 
sity then appear on the 2114's data bus. 
This bus is directly connected to the D-to-A 
converter (non latching). NB: The DAC 
3851 used gives a current output, and so a 
trimpot is used to obtain the correct 
voltage. Some modification may be re¬ 
quired for D/A converters with voltage out¬ 
puts. 

A point worth noting about the Com- 
pukit's video circuitry is that reverse 
characters, i.e. black on white, is available 
from pins 4 and 5 of IC70; this is much 



dearer for test than the standard white on 
black display. It is well worth having this 
feature switch-selectable or even program¬ 
mable by 'POKEing'. 

R. Mark Charles. 


Exhn Coded! 

30p (plus postage) To Regular Readers. 

F OLLOWING the Free Case gift with the May issue we 
have a quantity of cases available as extras to regular 
readers (at UK and BFPO addresses only) for 30p plus 
postage—the normal price from Lascar is £1.95 plus VAT 
and postage. 

Extra cases—as used to house the Light, Noise and Capacitance 
Meters published in this issue—can be obtained from PE by 
sending in two correctly filled-in case coupons (name and address 
on both coupons please) cut from PE, a 30p postal order and 
a 15-J-p stamp (a case coupon is given here, another will be given 
next month). We can only accept 30p postal or money orders 
(NOT CURRENCY OR CHEQUES). Do not enclose any cor¬ 
respondence. Incorrect or incomplete orders will not be 
accepted —your stamp will be used to return them. 

Send two completed case coupons cut from PE with your 30p 
postal order (payable to IPC Magazines Ltd), and a 15-J-p stamp to: 

PE Instrument Case Offer, IPC Magazines Ltd., Westover House, 
West Quay Road, Poole, Dorset. BH15 1JG. 

Sorry we cannot undertake to send extra cases to overseas 
readers. 

PLEASE ALLOW 28 DAYS FOR DELIVERY. 
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SONIC HOLOGRAPHY 

The second patent application from 
Robert Carver of the USA (WO 80/02219), 
filed under the Worldwide Patent Coopera¬ 
tion Treaty, gives hitherto undisclosed 
details of what the Carver Corporation sells 
in the USA as the "Sonic Hologram 
Generator". This exotic description has 
irritated some reviewers. But those who 
have heard the Carver sonic holography 
pre-amplifier in action confirm that it is 
capable of producing a surprising surround 
of sound from ordinary stereo recordings 
and just two loudspeakers fed from a stereo 
amplifier. The sonic holography patent, like 
the Carver amplifier patent referred to last 
month, is lengthy (nearly 150 pages in¬ 
cluding drawings) so also like the amplifier 
patent can cost up to £20 to buy. But it is, 
like all patents referred to in this column, 
available for free inspection at those 
libraries in the United Kingdom (e.g. the 
Science Library at the London Patent Of¬ 
fice) which offer the public access to a full 
collection of British and foreign patent ap¬ 
plications. 

The holography patent postulates 
theories on audio reproduction which will 
not be accepted by all engineers. Essen¬ 
tially Carver argues that stereo reproduc¬ 
tion through a pair of loudspeakers can be 
improved if the natural cross talk between 
loudspeakers is eliminated. It is of course 
inevitable that both ears of the listener will 
pick up' sound from both loudspeakers, 
whereas anyone listening through 
headphones will hear the left channel only 


that binaural recordings made with 
dummy head system (microphones set in 
the ears of a dummy head) and intended for 
replay through headphones, can be suc¬ 
cessfully reproduced through loudspeakers 
if there is electronic compensation for 
acoustic cross talk. Carver is in effect 
proposing a similar, but refined, technique 
to enhance the loudspeaker reproduction of 
recordings intended for loudspeaker 
re0roduction. But it is clear that his thinking 
centres on recordings made in a typically 
transatlantic fashion. 

Figure 1 shows how instruments 12a-g 
of an orchestra are recorded using a spaced 
pair of microphones Ml, M2. Figure 2 
shows how the recording is then replayed 
<o a listener P through spaced loudspeakers 
LS, RS. It is here important to note that the 
use of the widely spaced pair of omni¬ 
directional microphones is much less com¬ 
mon in Europe than in the USA. 

Here it is more normal to use a closely , 
spaced or "coincident" pair of directional 
microphones. In the Carver example, sound 
from instrument of the orchestra 12f is 
picked -up by microphone M2 and then, af¬ 
ter a short delay and at reduced level, by 
microphone Ml. When the recording is 
reproduced through loudspeakers LS, RS 
that sound is produced first by loudspeaker 
LS and then, after a short delay and at 
reduced level, by loudspeaker RS. Due to 
acoustic cross talk, when speaker LS 
reproduces the sound of instrument 12f it is 
heard first by the listener's left ear along the 
path Le and then, slightly later, by the 
listener's right ear, along slightly longer 
path Lr. When, soon after, the sound of in¬ 
strument 12f is reproduced by speaker RS, 
it is heard first by the listener's right ear 


argues that stereo reproduction can be 
enhanced, to produce a nearly total dimen- 
sionalized effect whereby it appears that 
the music is in a sense surrounding the 
listener, if acoustic cross talk is cancelled so 
that the left ear hears only the left 
loudspeaker and so on. Instrument 12f is 
now heard first from the left loudspeaker by 
the left ear, and then, shortly afterwards, 
from the right loudspeaker by the right ear. 
In other words a spurious image of the 
sound follows the real image. This un¬ 
derstandably confuses the ears and brain 
into believing that, as Carver puts it "the 
hearer somehow appears to be within the 
sound or in some manner surrounded by 
the various sources of the sound". 

Figure 3 shows the basic circuit. The 
right channel input R(IN) is split and one 
signal fraction sent via frequency equalizer 
A(R) to a summing junction C(R). The 
remaining signal fraction is fed via phase in¬ 
verter B(RL) to an array of four time delay 
frequency analysers bl(RL), b2(RL), b3(RL) 
and b4(RL). The phase inverter shifts the 
signal by 180° and splits it into four parts 
which are each delayed by a different 
period of time in the four delay devices. 
These devices also all modify the signal 
level as a function of frequency. The four, 
differently delayed, outputs are summed at 
C(L) with a fraction of the left channel input 
L(IN). This has been frequency equalized 
A(L) in mirror image circuitry which also 
feeds the summing junction C(R) with a left 
channel signal fraction processed at B(LR) 
and bl(LR) etc. So each of the two output 
channels contains an anti-phase, multiple- 
delay signal crossed over from the other 
channel. The crossover signals compensate 
for acoustic cross talk between 
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loudspeakers in the following manner. The 
listener's left ear first hears a sound direct 
from speaker LS along path Le. At the 
slightly later time when the listener's right 
ear would hear the same sound from 
loudspeaker LS along slightly longer path 
Lr, it also receives the delayed replica of 
that signal in anti-phase from speaker RS. 
There is thus cancellation at the right ear so 
the left ear hears only the left speaker. 

An array of four different delay devices is 
used in each channel cross over to compen¬ 
sate for listener head movement. As the 
head and ears move to a different position 
so a different time delay in the compen¬ 
sating signal comes into play. So a com¬ 
pensating sound superimposed on one 
channel will still arrive at the same time as 
the main sound from the other channel. 
Carver suggests that in practice delay 
periods of 110, 180, 370 and 690 micro¬ 
seconds are suitable to create a comfor¬ 
tably large listening window. 


Readout... 

A selection from our Postbag 

Reeders requiring a reply to any letter must include a stamped addressed envelope. 

Opinions expressed in Readout are not necessarily endorsed by the publishers of Practical Electronics. 


CB: Learn from US 
mistakes 

Sir—I’ve followed, as an observer, some of 
the developments in the UK concerning CB 
Radio, and I’m frankly amazed at the 
ridiculous claims being made for it. 

As background, I witnessed the institution 
of CB on 27MHz in the US in 1958, and its 
various stages and problems through to the 
present (at least to October of 1979, when we 
came to Saudi Arabia for a two-year con¬ 
tract). 

The basic errors made in the US (and I see 
the arguments being made to repeat the errors 
in Britain) were many. First, the band chosen 
was poorly suited for the stated objectives. 
Second, because the temptations for illegal 
operation were so great, and the controls so 
lax, even the stated objectives were forgotten 
to the point that those people who had a 
“legitimate” use according to the regulations 
were pushed out. The Federal Communica¬ 
tions Commission has been notably incapable 
of doing more than putting a finger in the dike 
(part-time). Your policing agency will have the 
same problems, because the situation is iden¬ 
tical. 

Now, CB has some good points and good 
uses. But they are almost entirely related to in¬ 
dividual use of the medium. Group activities 
and uses tend to be a waste of time and effort, 
because of the massive illegal use. 

In the US at least (and the situation may be 
quite different in the UK), almost all the uses 
to which CB is put are duplications of things 
which are already available in other services; 


however, the use of CB is so easy that the 
other solutions are ignored. In short, 99% of 
what goes on on Stateside CB shouldn’t even 

Let me list situations: 

1. Emergency communications are quite 
often worthless on CB. Hoaxes are per¬ 
petrated daily. In Houston, Texas (our 
home), a “command centre” was set up in 
one of the downtown tall buildings to han¬ 
dle accident reports to the police from 
commuters on CB. Within a matter of 
months, the police began to ignore reports 
from even this well-planned and well- 
staffed operation, because of the numerous 
false calls. Additionally, legitimate 
emergency communications are 
deliberately disrupted a large majority of 
the time. 

2. Profanity is rife on CB, and I don’t mean 
“Hells" and “Damns”. No subject of 
anatomy is too delicate to discuss in detail, 
no vulgar terms are taboo, and there is no 
way to protect your family. Anonymity 
works strange changes in the human 
animal. 

3. After a short while, the frustrations of the 
whole thing cause the individual to either 
give up, or he decides to fight it. If he gives 
up, the remaining users gain (less inter¬ 
ference) and he loses (he doesn’t have the 
usage he desired). If he decides to fight it, 
everyone loses. First, he tries higher flower. 
When that loses its splendour, or he finds 
that there are those who have more power 
than he does, he looks for something 
further. So he figures out a way to get 
away from the crowd (in the US they’re 


called “Sliders”). Now he’s got high power 
and he can move out of the band. Next 
facet: Most of the manufacturers of illegal 
equipment don’t come, anywhere near 
producing anything with any quality. The 
result is usually (and this can be documen¬ 
ted) a 200 watt amplifier, for instance, that 
dumps 20 watts on channel 19, and the 
remaining 180 watts somewhere between 
30 and 500MHz (Murphy’s law says most 
of that will be on discrete TV channels). 

4. Now, what happens next? Well, since he’s 
illegal, there are few things in which he can 
legitimately engage, and eventually he 
decides that there’s no fun in it, so he looks 
for new worlds to conquer. What’s left? 
Well, he can move out and bootleg on the 
ham bands. This is a common occurrence 
is the US. He can have all sorts of fun 
creating havoc, and really disrupting 
things. 

5. Many of the CB’ers in the US finally get 
disgusted and move up to legitimate Ham 
Radio via the licence route. Ham Radio is 
where they should have been in the first 
place. 

Okay, for those who get disgusted and quit, 
and those who get disgusted and upgrade to 
ham radio, what purpose has CB served? 
With the illegality that is rampant (at least in 
the US), CB serves no purpose which justifies 
its existence, even for those who stay in it. 
And, Great Britain appears not to have lear¬ 
ned the lessons from observing the mistakes of 
the other countries. 

One last observation: I see in several of the 
magazines advertisements that suspiciously 
look like offers by UK commercial establish¬ 
ments to sell illegal equipment. CB is getting 
off to a great start! Why, some magazines 
print articles on how to build equipment that’s 
illegal to use, and even tell you it’s illegal to 
use it! Sounds slightly hypocritical to me. 

I enjoy your magazine. The layout’s good, 
the articles are interesting and it’s easy to 
follow. Keep up the good work, and watch CB 
grow. I predict you’ll find that the only win¬ 
ners will be the purveyors of equipment. 

Kent Marshall, 
Dhahran. 
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FRANK IV. HYDE 


WILLIAM HERSCHEL 

In 1781 on the 16th of April, William 
Herschel, using his telescope which he 
had built with his own hands, discovered the 
planet Uranus. This musician from Germany 
became one of the world’s greatest 
astronomers. He lived at a time in British 
history which saw the beginning of a new 
surge forward in technology over wide 
horizons. His discovery of the planet named 
after him and now called Uranus, marked 
more than a mere observational feat, opening 
up new wonders and extending the solar 
system with the first discovery of an additional 
planet. It marked also a new development in 
technology. Herschel added to the 
astronomical scene an advanced technology in 
practical optics. 

The story of his entry into the study of 
astronomy is interesting and instructive. Dur¬ 
ing the time that he lived in Bath he was given 
the opportunity to use a small telescope. So 
struck was he by the increased richness of the 
number of stars which could be seen with the 
naked eye; that he sought to purchase a 
telescope of his own. Eventually he was of¬ 
fered one at a cost of something like £100. 
This he could not afford so he set about mak¬ 
ing his own. Many of these activities have 
been recorded, but it is worth noting that he 
decided to make a larger telescope on the 
assumption that this would enable him to see 
more. The materials to hand that could be 
used for the tube, the stand and controls were 
plentiful. It was the ‘mirror’ that posed the 
main difficulty. He recognised that the 
material, an alloy called ‘speculum’ metal, had 
limits. So expert did he become in the 
manipulation and polishing techniques that the 
‘mirror’ was of such quality that it surpassed 
any then known. 

Here then was one of startling new events 
of science history, for had it not been for 
Herschel’s production of a so well figured 
‘mirror’ Uranus might not have been dis¬ 
covered for a long time. This was why the 
planet had not been discovered previously 


though others had described a possible body 
without confirmation. The simple fact was 
that the telescope was so good that Herschel 
recognised that he was looking at a planet 
because it appeared as a disc and therefore 
could not be a star. 

It is a fitting tribute to this man that the new 
4-2m telescope being built for the observatory 
on the island of La Palma, was named the 
William Herschel Telescope by the Director of 
the Royal Greenwich Observatory, Professor 
F. Graham Smith, during the National 
Astronomy Week which began on April 25, 
1981. The 4-2m telescope has an altazimuth 
mounting, the system that Herschel used for 
all his telescopes. The 4-2m telescope is the 
largest of the three telescopes to be set up at 
the Roque de los Muchachos, La Palma. 
There is a connection between Spain and 
Herschel because the King of Spain purchased 
one of his best telescopes (with a 24in. 
mirror) and installed it in Madrid in 1804. 

THE NEW FRONTIER 

The successful first flight of the shuttle 
Columbia marks a point in space history that 
must touch the hearts of even the most blase 
of citizens anywhere. The vistas that open will 
affect every walk of life and invade every area 
of human endeavour. The capability of the 
new technology will result in the extension of 
benefits to the whole world. For some of the 
plans, already past the drawing board, there 
will be the requirement for the extensive use of 
engineering which calls for a vast amount of 
raw materials and the processing of millions of 
components of all kinds. For some of the com¬ 
mercial activities a number of thermo electric 
items such as solar cells will require an in¬ 
crease in the winning of items like gallium, ar¬ 
senide and silicon, far beyond the present con¬ 
sumption. Material for the assembly of large 
structures is another item which will consume 
raw materials for platforms such as would 
never be contemplated on earth—structures 
which will be measured in hectares and miles 
as continuous units. Operational personnel in 
space could well be getting toward the 1,000 
mark by the end of the century, that is to say 
the personnel aloft as distinct from the back¬ 
up teams. The continuous servicing of the 
existing individual spacecraft and satellites 
means increased life with fewer launches. 
Units can be standarised as the pallets that are 
already operational. 

It will indeed be a brave new world exten¬ 
sion. Progress is now in a logarithmic mode 
and looking back over 200 years it is clear 
that these modes increase in frequency and 
there are new cliches such as ‘we have learned 
more in the three days of this mission than in 
the last three years’. At a recent conference on 
Saturn and Uranus these were the constant 
remarks—and so it will go on. 

A look back at the Columbia mission and 
the technical details of the launch is instruc¬ 
tive. One point that emerges is that in most 
sections of the operations the results were 
beyond target so that the normal planned 
programme was well within the capability of 
the possible activities. For example the 7-5 
million pounds of thrust at lift-off took the 
vehicle aloft at a steeper angle than was plan¬ 
ned. This 5% steeper climb lifted the vehicle 
(the Americans call it ‘lofting’), and this of 


course used more fuel than was planned, but 
because the greater height was attained it 
helped to restore the propulsion requirement 
and the astronauts were notified that they 
were ahead of time, and instructions might be 
advanced. However, because of the balancing 
of the two conditions the original timing was 
restored. No adverse conditions arose when it 
came to the time of separation of the boosters. 

It was a tribute to the planning that the 
crew were warned that the main engine cut-off 
would be at 8min 34sec. This was exactly 
correct. At this cut-off point the velocity was 
25,670ft/sec, only 2ft/sec higher than the 
target. Altitude and the rate of climb was 
exact. All moves went smoothly to the point 
when the 130nau.m by 130nau.m orbit was 
reached. More details will be available later 
when the official reports are released. 

The re-entry part of the mission was an un¬ 
qualified success and started when the speed 
of the vehicle was at mach 25. At mach 5 the 
mission commander John F. Young took 
manual control. The height was then 115,000 
feet and Young continued control through the 
reversal stage till 35,000 feet. The vehicle’s tile 
protection was safe through the 2,300 to 3,000 
deg.F period of blackout. This was at a height 
of 188,000 feet at mach 10-3. 

It may be possible in the next issue of 
Spacewatch to have more details of the 
moment to moment sequence, outward and 
return. 

The Columbia will go back for refurbishing 
and it is expected that the next mission will be 
in September or early October this year. As 
has already been stated, the first period of 
shuttle operations will be used to fulfil the time 
already booked for scientific and defence ac¬ 
tivities. This is expected to continue on present 
contracts to 1985. By that time the other shut¬ 
tles will be operational and open for business. 
The goal of the enterprise is to ‘carry into 
space anyone who needs to operate equip¬ 
ment, experiments or machinery’. There will 
be available NASA trained pilots, engineers, 
doctors, physicists and other scientists. Nor¬ 
mally healthy people from 25 to 65 will be 
able to go into space with safety. It is expected 
that the upper limit will be increased to 80 in 
the next decade. Each vehicle can be used 100 
times and there will be four of them in the 
initial programme. 

It is perhaps not unreal to look at the 
facilities of the shuttle and see a picture of a 
unit having attached to it all kinds of units 
each doing some job or other and the whole 
looking as though there was a fiesta with 
everything ‘dressed overall’. 

JOBLESS BUILD A GATEWAY TO 
THE STARS 

Astronomer Patrick Moore officially 
opened a new visitor centre which has been 
created at the Royal Observatory, Blackford 
Hill, Edinburgh, by a team of unemployed 
adults and teenagers. It traces developments 
and the international role of the Royal Obser¬ 
vatory and houses the nucleus of a national 
collection of Scottish astronomical telescopes 
dating from about 1710. It also gives the latest 
information on the exploration of space. A 
model of the Space Shuttle is on view. 

The Manpower Services Commission paid 
the wages of the unemployed persons. 
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Interfacing 

COMPUKIT 

Part 7 D.E.Graham 


“PHIS MONTH we conclude the series with discussion of 
• an Interrupt Driven Clock, and with applications of the 
Analogue to Digital Converter section of the P.E. Analogue 
Board. These include voltage, temperature, light and sound 
measurement with v.d.u. bar chart displays, plus a data 
logger and sampling oscilloscope. But first we continue the 
discussion of the use of interrupts, begun last month. 

6522 INTERRUPTS 

The interrupt lines of the 6821 on the Decoding Module 
and the 6522 on the Analogue Board have both been con¬ 
nected to the UKIOI's IRQ line so that interrupts from both 
these devices may be readily handled. Unfortunately space 
has not allowed a discussion of the use of 6821 interrupts 
during this series. The principles involved however are 
similar to those for 6522 interrupts, and for further informa¬ 
tion on the 6821 the reader is referred to the data sheets. 

6522 interrupts are handled through two sets of registers, 
the Interrupt Flag Register or IFR (register 13 at 61357) and 
the Interrupt Enable Register or IER (register 14 at 61358). 
These are represented in Table 6.3 of part 6 of the series. 
From this it will be seen that one bit of the IFR and one bit of 
the IER are associated with each of the control lines CA1, 
CA2, CB1 and CB2, and one with each timer and the shift 
register. 

The various bits of the IFR are automatically set by the 
6522 when events such as the timing out of the timers, or 
particular transitions on the peripheral control lines occur, 
and these flags may be inspected periodically by the CPU. If 
the interrupt is used however, such continual polling is not 
necessary, and the CPU need only inspect the IFR once an 
interrupt has been sensed and accepted. The IFR will then 
tell the CPU which one of the 7 possible functions caused 
the interrupt. 

To c ondi tion the 6522 to cause an interrupt request (ie by 
taking IRQ low) when any of its flags are set is achieved by 
previously setting the corresponding bit in the Interrupt 
Enable Register. This register uses bit 7 to indicate whether 
specified bits are to be set or unset. If bit 7 is a one, then 
writing to any other bit of the register will set that bit. Thus, 
placing 130 (=128+2) into the IER codes bit 7 with a one, 
so that the remaining data (2) will cause bit 1 to be set. No 
other bit positions will be affected. Unsetting bits in the IER 
is accomplished with bit 7 at zero, so that writing 65 to the 
IER will unset bits 6 and 0, again leaving the remainder un¬ 
changed. To clear the register completely the IER should be 
loaded with 127. Pressing the Reset button on the Decoding 
Module will also zero this register. 

INTERRUPT DRIVEN CLOCK 

As an example of the use of interrupts with the 6522 we 
will look at the implementation of an interrupt driven clock 
on the UK 101. 


This will employ timer T1 on the 6522 to produce an in¬ 
terrupt every 50ms, and the UK101 will be conditioned to 
respond to this by updating a series of memory locations in 
which it holds the current time in hours, minutes, seconds, 
and twentieths of a second. 

Table 7.1 gives the assembler listing of a program which 
accomplishes this. It resides at 0230 hex in an unused area 
of RAM below the UKIOI’s BASIC file space. The program 
falls into two parts: the interrupt service routine itself, from 
0230 to 0278 hex; and the initialisation routine from 027D 
to 02A6 hex. This latter is executed only once at the outset, 
and we will look at this first. 

The first five lines set a jump to 0230 instruction at the 
UKIOI's IRQ vector. Line 780 initialises the memory loca¬ 
tion TWENT that is used to count twentieths of a second. 
The next sequence is used to configure the 6522. Lines 790 
and 800 set timer T1 in the continuous mode by placing 64 
into the ACR. Lines 810 and 820 enable the T1 interrupt by 
loading the IER with 192 (=128+64), thus setting bit 6. The 
instruction CLI at line 830 clears the interrupt mask, while 
lines 840 to 870 load the low and high order bytes of the T1 
latches with the values 78 and 195, so initiating the count. 
The count total is thus 195 x 256 + 78 (=49998). The 2 
micro-secs delay inherent in the counter make this up to 
50000, so giving a 50ms interrupt repetition rate. The final 
command executes a return from subroutine. 

The interrupt service routine starting at 0230 first places 
the accumulator on the stack, and executes a read from the 
low byte of T1 's count registers. This latter has the effe ct of 
automatically clearing the T1 interrupt flag, so taking IRQ 
high again in preparation for the reception of further in¬ 
terrupt requests. The program then decrements the location 
TWENT (at 022A hex), and checks to see whether it has 
reached zero. If not it restores the accumulator from the 
stack, and exits the interrupt routine. If zero has been 
reached on the other hand, it increments the location SECS 
(at 022B hex), checking to see whether 60 seconds have 
been counted, in which case it increments MINS, and so on. 

To start the clock once the program has been entered, it is 
only necessary to execute the subroutine at 027D. This may 
be accomplished from BASIC using a USR(X) call, or from a 
machine code routine with a JSR command. We will access 
it from BASIC. 


RUNNING THE INTERRUPT CLOCK FROM BASIC 

The BASIC program listed in Table 7.2’consists of two 
parts. The first loads the clock program of Table 7.1. The 
second allows the current time to be inserted in the three 
locations SECS, MINS and HRS, and uses a USR(X) call to 
enter the clock initialisation routine, thus starting the clock. 
Lines 3000 onwards then cause the time to be POKEd to the 
centre of the screen. Line 2100 determines the screen 
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position of the display, and this should be altered for Super¬ 
board use. 

The clock display program may be exited by pressing the 
space bar at any time, and as long as the UK101 Reset is 
not pressed, the interrupt clock will continue to operate. 
Other programs may then be loaded, run and saved as re¬ 
quired without disrupting the clock, and these may if desired 
access the continually updated time by PEEKing locations 
555, 556 and 557 for seconds, minutes and hours respec¬ 
tively. There seems to be just one proviso to this: programs 
which use more than the simplest configuration of GOSUB 
commands must be avoided, since due to an error in the 
UKIOI's firmware the IRQ vector has been located within 
the stack. As a result, subroutine calls can corrupt the 
interrupt vector at 01 CO, and are in turn corrupted by it. It is 
for this reason that the program of Table 7.2 avoids sub¬ 
routine calls, and makes use of flags F and FI to get around 
the problems which this creates. 

Once the clock has been started, the whole program may 
be erased with a NEW command, if desired, so as to save 
memory space, again without affecting the running of the 
clock. 

As with other applications of the 6522, the accuracy of 
the interrupt clock is tied to that of the UKIOI's 8 MHz 
crystal. In my machine this caused the clock to run slow by 
about 2 secs every hour. This could of course be corrected 
by using a closer tolerance crystal. But a much simpler way 
is to alter the value loaded into the low byte of TVs latch 
register — this is the last data item (78) on line 210 of the 
program of Table 7.2. With this method it should be possible 
to achieve accuracies of the order of 1 sec in 16 hours, 
which should be sufficient for most foreseeable applications. 
MACHINE CODE TO BASIC TRANSLATOR 

Lines 100 to 340 of the program on Table 7.2, which en¬ 
ter the interrupt clock program in 6502 code using BASIC, 
were themselves produced by a translator program written 
for the purpose. Since this program can translate the con¬ 
tents of any section of memory into BASIC POKE state¬ 
ments, it can be used for saving data or programs stored 
anywhere in the machine. The program is listed in Table 7.3. 
It first requests the start and end address of the memory 
block to be recorded. These may be in hex or decimal, since 
a hex to decimal conversion routine is included in the 
program. Next it requests the line number that the BASIC 
program which it will write is to start from, and the title of 
the pfogram. It then instructs the cassette recorder to be set 
to record, and writes the program directly on to it. The 
machine may then be cleared, and the cassette loaded and 
run as if it were a normal program. 

ANALOGUE TO DIGITAL CONVERTER 

The fourth section of the Analogue Board consists of a 
multiplexed 8 channel analogue to digital converter. The 
heart of this unit is a ZN427 monolithic A/D converter i.c. 
See Fig. 7.1. This uses the so-called successive approxima¬ 
tion technique to achieve conversion times of some 20ps or 
less. This is a far more efficient means of conversion than the 
other commonly used method which simply causes a D/A 
converter to sequence its output from zero to 255, using a 
comparator to stop it when the output matches the analogue 
signal to be measured. In this case conversion may take as 
long as 255 clock cycles. 

Fig. 7.2 gives the circuit of the A/D section of the 
Analogue Board. The 8 analogue inputs are taken through 
SK6, whose full pinout is given in Fig. 7.3. From here they 
are applied to IC8, a 4051 8 way analogue switch. This 
selects one of the 8 channels according to the logic states of 
its pins 6, 9, 10 and 11. These in turn are determined by the 






i INTERRUPT SERVICE ROUTINE 


Table 7.1. Assembler Listing 
of Interrupt Clock 







iO IFF-2THEN6000 


3000 REM CLOCK DISPLAY 

mm m-feewm! Tabl ° 7 ‘ 2 - lnterru P t Clock in BASIC 

3140 S$*STR$(S) 

3160 T$-" "-HI$+":"-ttl$+":"+S$+" " 

3220 Q-ASCMID$(T$!l,l)> 


POKE57088.253 

IFPEEK(57088)-239THENFl-l 


GOT022QO 
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The EOC signal produced by the ZN427 to indicate the 
completion of conversion has been taken to pin 7 of SK6 
and may be monitored by the CPU if required, although con¬ 
version is so fast that there is barely time to monitor it in 
machine code (and certainly not in BASIC) before conversion 
is completed. Once conversion has taken place, the conver¬ 
ter may be read at 61319. Thus the following two 
commands will print the value of the analogue input on 
channel 4. 

POKE 61319,4 
PRINT PEEK(61319) 

The POKE and PEEK statements may of course be put 
within a FOR loop to sequence through each of the 8 chan¬ 
nels: 


FOR A = 0 TO 7 
POKE 61319, A 
PRINT PEEK(61319) 
NEXT 


Fig. 7.2. A/D section of 
Analogue Board 


Fig. 7.3. Connections to 


SK6 on Analogue Board 



’2 PRINTTAB(6)"MACHINE t 


quad latch IC7. This is enabled by line W7 from the 
Decoding Module. The 8 channels are selected by POKEing 
the channel number (0-7) to address 61319. Thus the com¬ 
mand POKE 61319, 6 will connect channel 6 (at pin 10 of 
SK6) to the input of the converter. 

The converter itself requires a lo w-e nable Start Conver¬ 
sion pulse, and this is supplied by W7 from the Decoding 
Module. This means that each time the multiplexer at 61319 
is addressed, a new conversion sequence is initiated. 

The clock input of the converter at pin 3 requires a fre¬ 
quency less than 600 kHz. In order to satisfy this condition, 
IC9 is used to divide the UK101 02 clock by two, giving a 
clocking frequency of 500 kHz. Other timing conditions of 
the ZN427 are satisfied by delaying the operation of the 
divide by two counter until the ZN427 End of Conversion 
signal (EOC) goes negative. This is achieved by taking pin 1 
of IC10 to pins 2 and 3 of IC9. In the prototype, this was 
further delayed by the insertion of Cl 6 (50nF); and this 
capacitor was included in the component overlay diagram 
published in part 4 of the series. This extra delay time is not 
necessary for any of the applications described below, and it 
is recommended that Cl6 be removed from the board, so 
greatly enhancing conversion times. 


30 PRINTNB; "REM ";A$ 

35 PRINTNB+5; "REM LOCATIONS ";ASi" 10 ";AE 
10 -F0RA"0T0(AE—ASJSTEP10 
20 PRItJTNB+10+A;" DATA"! 

SO PRINTPEEK(AS+A+B)j Table 7.3. Machine Code 
50 IFAS+A+5-AETHE1IB-10 to Basic Translator Program 


:0*INT((AE—AS)/10) 


Practical Electronics July 1981 





















































The conversion scale of the ZN427 is determined by the 
voltage applied to its pin 7. On the Analogue Board this is 
connected to the ZN427's precision 2-55 volt reference 
source, which results in a very convenient conversion scale 
of 10 mV per digit, so that an input of 2 ■ 17 volts for example 
will produce a digital value of 217, and so on. 

EIGHT CHANNEL DISPLAY PROGRAM 

The program in Table 7-4 may be used to monitor the in¬ 
put levels on all 8 channels of the converter. Analogue to 
digital conversion is carried out in lines 220 and 230, and 
the updated conversion result POKEd to the screen, after 
suitable processing. As may be seen from the photograph, 
a horizontal bar graph representation is also produced for 
each channel. This latter is only altered in subsequent 
passes if a change in input voltage is detected. The program 
may be exited by depressing the space bar. 

VOLTAGE MEASURING 

As it stands, the converter will measure voltages from 0 to 
2-55 volts presented to the input pins of its 8 channels 
(ie pins 16 to 9 of SK6, corresponding to channels 0 to 7 
respectively). For accurate conversion, each input should be 
loaded with an impedance of 10k or less. This is necessary 
to ensure an impedance match with the input circuitry of the 
ZN427, and also in order to avoid charge carry-over from 
one channel to the next as the multiplexer sequences 
through the channels. If for example a voltage is applied to 
channel 0, and the input of channel 1 is left floating, channel 
1 will read a non-zero voltage as measured in the display 
program of Table 7.4. This is avoided by keeping input loads 
below 10k and by earthing unused inputs. 

If it is required to increase the voltage range of any chan¬ 
nel of the converter, this may be accomplished by using a 
resistor network. That shown in Fig. 7.4 gives a scale factor 
of two so that 5 volts will give a reading of 250. The 
resistors used should be 1% types or better, although if 
these are not available, lower tolerance resistors could be 
trimmed (by constructing series/parallel combinations) so as 
to give a reading of 127 or 128 when point X is connected 
to pin 2 of SK6. This is the ZN427's own 2'55 volt reference 
source. The function of C in the dropper network is to keep 
the input impedance low enough to match the ZN427. 
Similar techniques may be used to extend the range further. 

ANALOGUE JOYSTICK 

Each of the 8 channels of the converter may be used with 
a virtually infinite variety of sensors. We will give circuits for 
use with some of the more obvious. Fig. 7.5 gives a circuit 
for a two-direction joystick. Each joystick potentiometer is 
supplied by the 2-55 volt reference source, and lOOnF 
capacitors are again used to keep the input impedance low. 
As the circuit stands the two joysticks are connected to 
channels 0 and 1, and very straightforward software could 
be used to move a cursor or other character to any point of 
the screen in response to the position of the joystick. With 
the analogue use of the joystick, as opposed to the digital 
applications discussed in parts 3 and 5 of the series, the 
cursor could immediately move to the selected spot without 
having to traverse all intermediate screen positions first. 

LIGHT SENSOR 

Fig. 7.6 gives the circuit for an l.d.r. light sensor. With R1 
at 1 k this produces a good range of output, from very dim 
conditions (a v.d.u. screen at 1 metre) to brightly lit interiors. 
Higher precision in dark conditions may be achieved by in¬ 
creasing the value of R1, while improving the range in very 
bright conditions will be limited by the current drawn. 



Fig. 7.4. Divide by two network 




Fig. 7.6. Connection of light sensor to A/D converter 
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The left hand end of R1 could have been connected to the 
2 -55 volt reference source at pin 2 of SK6, but this is easily 
overloaded (maximum loading about Ik), and it is more pru¬ 
dent to use the pair of dropper resistors shown; or alter¬ 
natively a 2-5 volt zener could be used. With the circuit of 
Fig. 7.6, quite small changes in light level may be discerned; 
and by using an l.d.r. on each channel, pattern recognition 
experiments may be undertaken. For such an application 
nine (or better still, sixteen) would be a more appropriate 
number of light sensors to use, in which case a second 
multiplexer could be added, either driven by one port of the 
PIA or VIA, or using a second 74LS75 latch, for which pur¬ 
pose the decoded line W7 has been taken out to pin 4 of 
SK6 on the Analogue Board. In such an application it should 
be noted that POKEing a one to bit 3 at 61319 renders the 
analogue switch IC8 open circuit. 

TEMPERATURE SENSOR 

Thermistors may be used for temperature measurement 
using a simple dropper resistor in the same manner as 
described for the l.d.r. application, although only fairly high 
resistance types are suitable, in order to avoid self-heating 
effects. 

Far more precise measurement may be achieved for little 
extra outlay by using a temperature sensing diode such as 
the LM335Z. This is essentially a diode whose forward 
voltage is dependent on its temperature in a very linear man¬ 
ner, at the rate of 10mV per degree Kelvin. This means that 
its voltage increases by lOmV for every degree Centigrade 
above absolute zero (—273°C). Thus at 20°C its forward 
voltage will be 2-93. This voltage is unfortunately beyond 
the direct range of the A/D converter. But it is easily reduced 
with a resistor network such as that shown in Fig. 7.7. This 
will produce a reading of about 146 at 20°C. 

To improve the reading precision, a d.c. amplifier with 
offset facility can be used between the sensor and the con¬ 
verter. Fig. 7.8 gives a circuit for such an arrangement. With 
this the voltage gain of the amplifier can be altered frofn 
unity to about 50 by adjusting VR1, and an offset of ±3 volts 
at maximum gain can be achieved by altering VR2. It should 
be noted however, that even at quite modest gain settings, 
the earth loop caused by using the UKIOI's mains transfor¬ 
mer to drive the Decoding Module produces hum problems, 
and a small fluctuation appears on the reading. To avoid this, 
a separate 9-0-9 volt transformer should be used to power 
the Decoding Module. 

To obtain the highest precision with the LM335Z (1°C 
error at room temperature) it should be used in conjunction 
with a 10k potentiometer as in Fig. 7.9, and the poten¬ 
tiometer adjusted to give an output as close to 2-982 volts 
as possible at 25°C. 

The d.c. amplifier of Fig. 7.8 may also be used for increas¬ 
ing the sensitivity of the converter for use in other applica¬ 
tions, such as d.c. voltage measurement etc. 

AUDIO DETECTION 

The circuit of Fig. 7,10 allows sound levels to be 
measured with the A/D converter. Like the temperature sen¬ 
sor amplifier of Fig. 7.8, it uses a 741 op. amp., but no earth 
loop hum problems arise in this case because no offset is re¬ 
quired, and pin 2 can be taken down to earth. The values of 
R1 and Cl in the integrator following the diode detector cir¬ 
cuit should be selected to give a time constant appropriate 
to the use to which the unit is to be put. Generally speaking 
this should be somewhat greater than the sample repetition 
time of the program driving the converter. In the case of the 
8 channel display program of Table 7.4, a time constant of 
about one tenth of a second is appropriate, and may be 



Fig. 7.8. Temperature Sensor with voltage amplifier 



Fig. 7.9. Calibration of LM335Z 
temperature sensor 



Fig. 7.10. Audio Detection using the A/D converter 

achieved using 10k for R1 and lOp for Cl. For much 
higher sample repetition rates, such as those achievable 
with the sample 'scope program below. Cl may be removec 
completely for certain applications. 

DATA LOGGER 

The interrupt clock described earlier may be used in con¬ 
junction with the A/D converter to create a simple date 
logger. A program that accomplishes this is given in Table 
7.5. To use it, load the interrupt clock program in BASIC o 
Table 7.2, then load the data logger supplement of Table 
7.5. The latter makes use of routines in the former, including 
the interrupt clock itself, to implement the data logging func 
tion. When RUN is executed, the interrupt clock will operate 
as before, but now pressing the space bar will cause £ 
transfer to the data logger. This requests a start time foi 
logging in hours, minutes and seconds; then a repetitior 
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period in hours, minutes and seconds; and lastly the number 
of loggings required. This latter number sets the dimension 
of two arrays AS(I), which records the time of each reading, 
and A(I,J), which contains the 8 data values recorded at 
each reading. 

The program then initiates the continued POKEing of the 
time to the centre of the top line of the screen, at the same 
time continually checking to see whether the start time has 
been reached. When it has, the A/D converter sequences 
through its 8 channels, and the resultant data is stored in the 


array for later use. The number of the reading, the time and 
the 8 data values are also printed on to the screen. See ac¬ 
companying photograph. The program then waits for the 
duration of the repetition period, and again stores and prints 
the data measured. If hard copy or cassette recording of the 
data is required, an appropriate routine may be added at 
6200 to be executed after data logging has been completed. 
And as with the interrupt clock itself, the space bar may be 
used to exit the data logger. 

The logger program is highly flexible, and can take 
readings at intervals as short as 1 second, or as long as 24 
hours, and the number of readings allowed is limited only by 
the memory size of the machine. A 4k machine will allow 
some 15 or 16 readings, while with 8k this rises to 
somewhere above 110. If memory size is a problem, a con¬ 
siderable saving could be made by storing the measured 
data individually in RAM by means of POKE statements to a 
protected area. Alternatively the program could be modified 
so as to print out, but not to store, the data, in which case 
there is no limit to the number of readings taken. 

The uses to which the data logger may be put are legion. 
It could for example be used to monitor the temperature, 
noise, light and humidity levels in a given locality; and 
checks could be made on the effectiveness of thermal in¬ 
sulation by recording inside and outside temperature over a 
24 hour period. It could also be used to gather data on the 
temperature dependence of a resistance, or to record the 
voltage decay curve of a CR combination of sufficiently long 
time constant. Additionally, the logger could be used in con¬ 
junction with the event recorder using T2 of the VIA 
described last month, to log the number of events of a given 
kind occurring within any period. Those events could 
variously be counts from a Geiger-Muller tube, passages 
across a photocell, the occurrence of sound levels above a 
given threshold etc. Once the data has been collected from 
whatever source, the UK 101 can then be used to analyse it 
in any appropriate manner, and to present the results 
graphically if so desired. 

WAVEFORM SAMPLING 

The very fast conversion rate attainable with the ZN427 
A/D converter—around 50,000 per second—allows the 
sampling and digital storage of waveforms at frequencies up 
to a few kHz. Using the converter a series of samples may be 
taken in very rapid succession, and stored in RAM, from 
where they may be analysed at leisure. For example, Fourier 
analysis might be performed on the data, or the sampled 
waveform Gould be replayed continuously through the D/A 
converter for steady display on an oscilloscope screen. Alter¬ 
natively the UK101 VDU screen could be used to display the 
sampled waveform. 

For such applications it is obviously essential to use 
machine code, since using BASIC would only allow some 
100 or so samples to be taken every second. Table 7.6 gives 
an assembler listing of a two-part program which has a sam¬ 
pling and replay facility. The first part, which is located at 
' 0230 hex, causes a series of samples to be taken and stored 
in RAM above 0290 hex. The sampling rate, the number of 
samples, and the channel number from which the samples 
are taken are determined by the contents of locations 022D, 
022E and 022F respectively, and these may be set up before 
the program is run. The second part of the program, which 
begins at 0250 hex, allows the replay of the stored data in a 
continuous loop to the D/A converter located at 61320 dec. 
The number of samples to be replayed, and the replay rate, 
are determined by the contents of locations 022E and 022C 
respectively, and again these parameters may be set up 
before the routine is run. 
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A program in BASIC is given in Table 7.7 which loads the 
above program, and then controls the sampling and replay 
parameters with a series of INPUT statements. The program 
sets the channel number to 0, and the number of samples to 
100 in lines 280 and 290. These may be altered if required, 
though 100 is the maximum number of samples allowed. It 
then requests a sample rate from 1 (fast) to 255 (slow), and 
after making the sample, requests a replay rate. It then 
replays through the D/A converter in a continuous mode, 
which can only be exited through a reset and warm-start. 

The accompanying photographs show a 'scope trace of a 
100Hz waveform that was sampled and replayed using this 
program. The original waveform is also shown. As may be 
seen from this, fidelity of reproduction is very good, even 
though no sample-and-hold circuitry has been used in the 
A/D conversion. 

Sampling with this arrangement is fast enough for the 
lower end of the audio spectrum, and the circuit of Fig. 7.10 
may be used in conjunction with the sampler to allow sampl¬ 
ing of parts of speech signals and other audio waveforms. 

As suggested above, the 100 data samples produced by 
the sampler may be analysed at leisure, or modified before 
replaying them through the D/A converter. If it is required to 
work on more than one set of samples, for comparison pur¬ 
poses for example, the 100 bytes of data may be transferred 
to another location using PEEK and POKE commands. The 
100 bytes from 0290 hex would then be used simply as a 
temporary input buffer for the incoming data. 

VDU SAMPLE SCOPE 

If no suitable oscilloscope is available, or a larger display 
is required, the add-on program of Table 7.8 will allow for 
any 40 byte wide part of the sampled waveform to be dis¬ 
played on the UK 101 screen. When this program is loaded 
on top of the sample scope program of Table 7.7, it requests 
an offset factor to be entered (0-60) after the sampling 
routine has been executed, and POKEs up a display on the 
screen, using the characters 128-135 to achieve a vertical 
resolution of 128. The offset factor determines whereabouts 
along the 100-wide sample the display is taken from, and 
altering this moves the 40-byte wide sample window to left 
or right through the 100 bytes of data. If the space bar is 
depressed during the display, a new offset factor may be en¬ 
tered to change the position of the window. If a number 
greater than 60 is entered here, the program re-enters the 
sampling routine so that a new sample may be taken. The 
accompanying photograph shows the screen representation 
of the 100 Hz signal shown in the oscilloscope trace 
photographs referred to earlier. As may be seen, reproduc¬ 
tion quality is quite good given the constraints imposed by 
the UKIOIs low resolution graphics. 


CUSTOMISED WAVEFORM GENERATOR 

The D/A section of the machine code routine referred to 
above may also be used on its own for the creation of 
customised waveforms. The 100 bytes of memory space 
above 0290 hex can be filled from BASIC using SIN, COS, 
LOG, RND, power or other functions of the user's choice. 
The replay routine in machine code may then be executed to 
generate the waveform repeatedly, and at speed, through 
the D/A converter at 61320. 

The number of bytes of digitised waveform sent to the 
D/A converter before the sequence is repeated is determined 
by the data held in location 558 dec. This may be POKEd 
with any value from 1 to 100 so as to achieve a smooth 
follow on from the end of one displayed cycle of the 
waveform to the next. 




A NOTE ON THE USE OF NEW MONITORS 

All programs in this series are fully compatible with the 
UKIOI's original monitor, and with Technomatic's CE1 
monitor. But difficulties may arise with other new monitors 
when using the 3 or 4 programs that contain machine code 
routines located at 0230 hex, such as the Interrupt Clock 
and the Sample Scope program. The reason for this is that 
monitors such as Cegmon, Wemon and Compshop's new 
monitor use some of the space above 022A hex for 
scratchpad purposes. With Cegmon this space can be kept 
free by disabling the screen editor, and using the original 
screen handling routines. But to get around the problem 
more generally, an alternative set of programs have been 
prepared for the Interrupt Clock and Data Logger, and the 
Sample Scope, which relocate the machine code routines at 
the top of memory. There is no space to list these programs 
here, but they are included in the cassette containing the 24 
numbered programs from this series, available from 
Technomatic Ltd. 

On Wemon and Compshop's new monitor, but not on the 
CE1 or Cegmon, the IRQ vector has also been relocated, and 
this must be accounted for in programs such as the Interrupt 
Clock and Data Logger, which make use of IRQ, by modify¬ 
ing lines 720, 740 and 760 of the assembler listing in Table 
7.1. Further details on this modification are given in the data 
supplied with the cassette, since the shifted version of these 
programs must in any case be used with these two monitors. 
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Screen Photograph of Data Logger ■ 
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NEXT MONTH ... we shall be publishing 
an EPROM PROGRAMMER which may 
be driven from this interface system. 

Additionally, we will be taking a look at 
Chromosonic’s Colour Board in use with the 
UK101 
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Screen photograph taken during the 
running of the 6522 Handling 
Program (Program 12) described 
last month 


Constructor's Note 

In order to improve stability in the offset adjustment on 
the D/A converter op amp 1C 11, RIO on the Analogue Board 
should be increased to 47k. 


Filling the data space using the program below will 
produce an even triangular wave made up of exactly 100 
samples: 

2000 FORA=0TO99 
2010 B=4xA 

2020 IF A>49THENB=4 x (99—A) 

2030 POKE656+A,B 
2040 NEXT 
2050 GOTO300 

The accompanying photograph shows the waveform 
produced using this program. As may be seen, its shape is 
good, and since it is constructed of a relatively large number 
of samples, its true step nature is not apparent in the 
photograph. It should be noted when creating other 
waveforms using the machine code replay sequence, that 


although the storage space for the waveform begins at 0290 
hex, this location is the last rather than the first to be 
accessed, so that the last byte of waveforms placed into 
these locations for subsequent replay should be at 0290 
hex, the first being at 0290+N-1, where N is the number of 
samples to be replayed. 


CONCLUSION 

Although this is the final article of the present series, it by 
no means exhausts the possible applications of the UK101 
Decoding Module and Analogue Board. Further applications 
are planned for future issues of P.E., and it is hoped that 
ideas will also be contributed by UK101 and Superboard 
users through the columns of P.E.'s MicroPrompt. ★ 
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pence per word (minimum 12 words), box number 60p 
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orders etc., to be made payable to Practical Electronics 
and crossed "Lloyds Bank Ltd". Treasury notes should 
always be sent registered post. Advertisements, together 
with remittance, should be sent to the Classified 
Advertisement Manager, Practical Electronics, Room 
2337, IPC Magazines Limited, King's Reach Tower, 
Stamford St., London. SE1 9LS. (Telephone 01-261 
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Whilst prices of goods shown 
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correct at the time of dosing 
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Henley Road, Coventry. 


rp PC 1211 software available 
ist delivery. Send S.A.E. for 
r) to: BUG-BYTE, (Dept PE), 251, 


SIX GAMES (IK) for the ZX80 Pontoon, Guess the Number, 
Battleships. Slot Machines (1 & 11), Maths Quiz, Maze(l & 
II). Cassette with full instructions for £3.00 from: P. 
B ram well. 87. Anderson Crescent, Great Barr, Birmingham 
B43 7ST. 


4K game ‘Seek and Destroy’ with running score 
tte £2.50 including circuit for optional low cost 
in Stott, 29. Hounds Road, Chipping Sodbury, 


BOOKS AND PUBLICATIONS 


BOOKS BOOKS BOOKS. Large range of radio and electronic 
books in stock. Send SAE for lists. Servio Radio, Dept. 
PE7 156-158. Merton Road. Wimbledon. London SW19 


17, Fairwater Grov 


ANY SINGLE SERVICE SHEET £1 L.S.A.E. Thousands 
different repair/service manuals/sheets in stock. Repair 
data your named T.V. £6 (with circuits £8). S.A.E. 
Newsletter, pricelists, quotations. AUS (PE), 76 Church 
Street. Larkhall, Lanarkshire. (0698 883334). 
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TELEVISION COMPUTER 
COMMUNICATION & 
RADAR SERVICING 


TWO YEAR full-time Modular 
Diploma course to include a high 
percentage of practical work. 

• ELECTRONIC PRINCIPLES 

• MONO TV & CCTV 

• COLOUR TV & VCR 

• MICROELECTRONICS & 
DIGITALTECHNIQUES 

• COMPUTERS & 
MICROPROCESSORS 

• COMMUNICATIONS & 

RADAR 

Each of the above Modules are 13 weeks 
in duration. Individual Modules can be 
arranged for applicants with suitable 
electronics background. 

Tuition fees (UK & Overseas) £1500 
per year (i.e. £500 per Module). 

Next session starts September 14th. 
Prospectus from: 


LONDON ELECTRONICS 


SERVICE SHEETS 


BELL S TELEVISION SERVICES for Service Sheets on Radio, Tv, 
etc CUM plus S.A.E. Colour TV Service Manuals on request. 
S.A.E. with enquiries to B.T.S. 190 Kings Road, Harrogate, 
N. Yorkshire, Tel: (0423) 55885. 


FOR SALE 


MAPUN CABINET and extras for Disco Project. Cost £90, 
want £60 o.n.o. All V.& C. Will deliver. Phone Inverness 
32897. 


2X80 SINCLAIR built with manual, mains adaptor, leads. 
£55. Telephone (0407) 810 689. 


PRINTER, PRINTER. PRINTER. Data Dynamics plain paper 
printer with supplies. Ideal for UK 101 or similar. £130. 
Tel. 01-959 1844. 


NEW BACK ISSUES OF PRACTICAL ELECTRONICS’ available 
90p. each Post Free. Cheque or uncrossed P/O returned if 
not in stock. Bell's Television Services, 190 Kings Road, 
Harrogate. N. Yorks. Tek (0423) 55885. 


MINISONIC £180, String ensemble £150, perfect. Com¬ 
plete sound system. 12 channel mixer. Will separate. 
01-866 2721. 


KIMBER ALLEN KEYBOARD. 49 notes, with contacts plus tape 
decks, record decks, speakers, scope. Back issues of P.E. 
and more. Any takers? PhoneOl-237 2828 


SUPERBOARD with Cegmon, good P.S.G. Many extras, 
metal cased £250. Phone East Kilbride (03552) 37384. 


ELECTRONICS MAGAZINES over 100 magazines, mostly P.Es 
1964-1977 £20 buyer collects. Aylesbury 21736 evenings. 




COLLEGE 


I Dept: AA, 20 Penywern Road, 

London SW5 9SU. Tel: 01-373 8721. 


CAREERS in Marine Electronics. Courses commencing 
September and January. Further details, the Nautical 
College, Fleetwood FY7 8JZ. Tel. 03917 79123. 


TUITION 


PAY AS YOU LEARN, postal mathematics tuition. 23, St. 
Lukes Close, Middlestown, Wakefield. 


MISCELLANEOUS 





ORDER FORM please write in block capitals 

Please insert the advertisement below in the next available issue of Practical Electronics for. 

insertions. 1 enclose Cheque/P.O. for £. 

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics). 





























PRACTICAL ELECTRONICS 

a nnDcop GMG, Classified Advertisements Dept., Room 2337, 

London SE1 9LS. Telephone01-261 5846 

Rate: 

Company registered in England. Registered No. 53626. Registered Office: King's Reach Tower, Stamford Street, London SE1 9LS. 



Practical Electronics July 1981 
































































BURGLAR ALARM EQUIPMENT. Latest Discount Catalogue 
out now! Phone C.W.A.S. Alarm 0274 682674. 


BIG EARS 



MICROGRAPHICS 

Colour Conversion for 
UK101/NASCOM 1 & 21 Superboard. 
(Modulator included) 

KIT £45 
BUILT £60 

COLOUR MODULATOR 

KIT £12 

RGB in, PAUUHF out 

BUILT £18 

Please add VAT at 15% to all prices 

\A/R 1 I2XIY/1 Bower House 

Billericay Road,™™" 

STUART Essex CNU33 


^SYSTEMS LCd Telephone: B 



BRAND NEW. NOT SURPLUS. BARGAIN PACKS! 10 7400 £1, 
10 BC 183L £1,10 BC 213L £1, 2 7805 £1. Prices include 
VAT. Postage 25p. CWO to: MICRO MUSICAL LTD., 
The Old Vicarage, 37, Wood Lane, Shilton, Coventry CV7 
9LA. 







(Dept. No. 23), St. Wilfrids, Foundry Lane, Halton, Lan- 



PCB ABS BOX HARDWARE ALL COMPS. Single unit c 


me Sounder 12VDC • 25mA 95db £9.20. All pi 
ID ELECTRONICS, 105 Harper Fold Road, 


UK101 - SUPERBOARD 

Two really great additions to the UK101 from Computer User 
Aids. 

1. PROGRAMMABLE GRAPHICS 



COMPLETE KIT - No extras needed - Includes PCB, chips, sockets, 
jumpers and even demo tape. £67.85 inc. VAT P8tP or add £4.50 for 
ready built. 


2. PROGRAMMERS AID 

Extra fast renumber, trace, find, delete and many more. All on EPROM. 
No eprom board required. Simply plug onto existing board and go. 
Suitable for Cegmon, Newmon, Synmon etc. 

ALL THESE ROUTINES IN EPROM -£21.00 inc VAT P&P. 

Write or phone now for details of the UK101 User Group and of our 
other products. These prices apply to members of the User Group only. 
Membership just £4.60 per 6 months. 

COMPUTER USER AIDS 

9 Moss Lane, Romford, Essex. 

Telephone Romford 64954. 


Inner London Education Authority 

LONDON COLLEGE OF FURNITURE 
41/71 Commercial Road, London El 1LA 
Department of Musical Instrument Technology 

COURSES IN ELECTRONICS FOR THE 
MUSIC INDUSTRY 

T.E.C. DIPLOMA IN MUSICAL INSTRUMENT STUDIES 
(2 year full time specializing in Electronics) 

T.E.C. HIGHER DIPLOMA IN MUSICAL INSTRUMENT 
TECHNOLOGY 

(2 year full time specializing in Electronics) 

The Electronics options of these T.E.C. courses allow the student to 
specialize in music industry application. 

Suitable students would be interested in both music and electronics and wish 
to combine them within this course. 

Application forms and further details are obtainable from 
the Senior Administrative Officer at the College. 
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AITKEN BROS. 

35, HIGHBRIDGE, NEWCASTLE ON TYNE 
TEL. 0632 26729 

Thandar Digital Multimeters 

HANDHELD 

PDM3S 3j digit LED £39.68 

Carrying Case £1.73 

AC Adaptor £4.03 

TM3S4 3+ digit LCD £45.94 

Carrying Case £1.73 

TM352 3j digit LCD £57.44 

Carrying Case £2.01 

Post 7Sp 

BENCH PORTABLE 

DM235 34 digit LED £60.38 

Carrying Case £8.86 

AC Adaptor £8.69 

DM350 34 digit LED £83.38 

Carrying Case £8.86 

AC Adaptor £5.69 

DM450 44 digit LED £113.85 

Carrying Case £8.86 

AC Adaptor £4.03 

TM351 34 digit LCD £113.85 

Carrying Case £6.84 

TM353 34 digit LCD £96.60 

Carrying case £6.84 

Send SAE for full spec. 

All prices include leads. 

Extra accessories 

Universal test leads £11.27 

Nicads for LED bench models £8.63 
40 Kv probe all models £34.44 

Postage £1.00. 

Frequency Counters 

HANDHELD 

Thandar PFM200. LED. 

20Hz-200MHz £57.27 

GSC MAX 50 LED. 

100Hz-50MHz £56.35 

GSC MAX 550 LED. 

500Hz-550MHz £97.75 

GSC PS500 Prescaler. Extends 
range by ten times. 

For max 50 £34.50 
Postage 75p. 

BENCH PORTABLE 

GSC 5001 Counter-timer £212.75 

GSC 6001 5Hz-650MHz £224.25 

Thandar TF200. LCD. 
l0Hz-200MHz £166.75 

Thandar TP600 Pre-scaler 

600MHz £43.13 

Postage £1.50. 

Send SAE for foil spec. 

Capacitance Meter 

GSC 3001 lpf-199,900uf £178.25 

Tri-Mode Comparitor £178.25 

Send SAE for full spec. 

Postage £1.50. 

Generators 

GSC 2001 Function lHz-lOOkHz. 

Sine Square Triangle £89.70 

GSC 4000 Pulse 

0.5Hz-5.0MHz £109.25 

Oscilloscopes 

CALSCOPE SUPER 6 

6 MHz bandwidth £186.30 

CALSCOPE SUPER 10 

10 MHz bandwidth dual 

trace £251.85 

THANDAR SC 110 

10 MHz bandwidth portable £159.85 
Carriage included in price. 

Send SA Efor full spec. 

Thandar TG105 Pulse 

5Hz5MHz £97.75 

Thandar TG100 Function 

IHz-IOOkHz £90.85 

GSC DPI Hand held digital 

puiser £58.65 

Post + Packing £1.00. 

Logic Probes 

GSCLPlIOMHz £35.65 

GSC LP2 1.5MHz £20.70 

GSC LP3 50MHz £56.35 

GSC LPK1 Kit 1.5MHz £13.70 

Post + Packing 50p. 

Send SA E for full spec. 

Multimeters 

KRTI00 IK o.p.v. 10 ranges £5.50 

Y7206EN 20K o.p.v. 

19 ranges £11.95 

YN360TR 20K o.p.v. 19 ranges 
plus transistor tester £13.95 

7081GND 50K o.p.v. 

36 ranges £19.95 

EM20 20K o.p.v. 17 ranges £19 J# 

AT 1020 20K o.p.v. 19 ranges 
plus transistor checker £ 15.95 

EM30 30K o.p.v. 17 ranges 
inc. case £23.95 

MM20 20K o.p.v. 22 ranges 

Solderless Breadboards 

GSC F.XP 325 £1.84. EXP350£3.62, 
EXP650 £4.14 EXP48B £2.64, 
EXP 300 £6.61, EXP600 £6.95. 
Postage 25p. 

PB6 £9.95, PB100 £13.57, PB101 
£19.78, PBI02 £26.39, PB103 £41.34, 
PB104 £55.14. 

Powered Boards 

PB203 £68.94, PB203A £97.75, 
PB203AK Kit £79.35. 

Postage £1.00. 

MM50 50K o.p.v. 19 ranges 

inc case £32.50 

360TR 100K o.p.v. 

23 ranges £34.50 

MM 100 I00K o.p.v. 

22 ranges £42.50 

EM1500 20K o.p.v. 

21 ranges £49.95 

Carrying Cases 

MM 100 £14.95 

EM 1500 £10.30 

Postage £1.00. 

Soldering Irons 
by Antex 

TEMPERATURE CONTROLLED 
TCSU1 Station with CTC iron + 2 
bits £43.96 Post £1.75 

Model CX-17 watt £4.98 

Model C-15 watt £4.83 

Model X25 - 25 watt £4.98 

ST3 Iron Stand £1.84 

Post 40p. 

AH spares available. 

Send SAE for list and full spec. 

Education Establishment order accepted. HHH 

^ Phone or send your ACCESS or BARCLAYCARD number. IgA j 

mmmmm All prices include VAT. 


ST 1 


DISCO BARGAIN 




22' ROPE LIGHT 
AND CONTROLLER 
with SOUND to LIGHT 


ONLY £59.50 , 


COMPLETE & READY TO WORK - JUST PLUG IN! 
ROPE ONLY £45.50 CONTROLLER ONLY £19.50 
P&P £1.00 EACH 
10 WAY CHASER - 10KW - 64 PROGRAMMES 
Includes AUTOMATIC & SOUND TO LIGHT 

KIT £49.50 CASE £11.50 


P.E. STAR SPINNER 


FULL KIT 
PRICE OF 


SAVING £16.60 

£109 95 OVER INDIVIDUAL 


id Cheque or Crossed P.O.'s i 


FELTGL0W LTD. 


105B LONDON ROAD. 
BEXHILL. E. SUSSEX. 
(0424) 221686. 



Top Priority for 
every constructor- 
HOME RADIO 
CATALOGUE 


• About 2.000 items clearly listed. 

• Profusely illustrated throughout. 

• Large A-4 size pages. 

• Bargain list order f 
coupons each wr " 


:h 25p if used £ 


II supplied free. 

Price £ 1, plus 50p for post, packin 
and insurance. 

Send cheque or P.O. for £1.50 


HOME RADIO Components LTI 

Dept. PE. P.O. Box 92. 215 London Roe 
Mitcham. Surrey. 01-543 56E 


CELESTION 


RICHARD ALLAN 



CROSSOVERS 


Special offer Disco Driver 80 
Stockists of leading makes of 
& Lighting Eqi 
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NICKEL CADMIUM BATTERIES 
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CLEFMUSIC 


FIRST 


for PIANOS 
for STRINGS 
for ROTORS 
FOR RHYTHM 


IF MUSIC IS YOUR INTEREST 


Since 1972 Clef Products have consistently produced leading designs in the 
field of Electronic Musical Instruments, many of which have been published 
under the authorship of A. J. Boothman. With musical quality of paramount 
importance new techniques have been evolved and the latest musically valid 
technology has been incorporated into projects which have been successfully 
completed by constructors over a wide range of technical capability. 


PIANOS 

Kits or Manufactured 

SPECIALISTS SINCE 1972 



simulating piano key 
patented technique. 

SIX OCTAVES £207 

(component kits include keyboard and 
may be purchased in four stages) 

OCTAVES £232 

Four mixable voices for serious 
tone variation plus electronic 
chorus and Hanger effects. See 
lists for Cabinets, P.A. & 
Manufactured Pianos. 


Back up TELEPHONE advice to 
our customers is available direct 
from the Designer of all kits 
advertised. 


STRINGS 

P.E. STRING ENSEMBLE 

Versatile String Synthesizer with 
split keyboard facility and im¬ 
pressive voices. 49 note organ 
diode keyswitch system with four 
pitches plus two phase Chorus 
generator. Kit includes Swell 
Pedal. 

COMPONENT KIT £174 


ROTOR-CHORUS 

Comprehensive two speed organ 
rotor simulator plus a three phase 
chorus generator on a single 8" x 
5” p.c.b. The kit includes all com¬ 
ponents for mains operation and a 
stereo headphone driver p.c.b. 
Easily integrated with existing 
organ/amplifier system. 
COMPONENT KIT £89.00 


KEYBOARDS 

Our Square Front Keyboards are 
chosen for their superior feel to 
the discerning musician whilst giv¬ 
ing adequate physical strength for 
the high impact playing present in 
the Piano application. 

49 NOTE C-C £25.00 QUANTITY 
73 NOTE F-F £41.00 ENQUIRIES 
88 NOTE A-C £49.50 WELCOME 


MASTER RHYTHM 

As published in Practical Electronics 

FULLY PROGRAMMABLE 
TWENTY-FOUR PATTERNS 
EIGHT PARALLEL TRACKS 
TWELVE INSTRUMENTS 
SEQUENCE OPERATION 
Kit includes all components to 
build this comprehensive User 
Programmable Rhythm 
Generator in an attractive metal 
case with finished case, hardware 

KIT- £79.00 BUILT-£114.00 



OUR PRICES INCLUDE V.A.T., CARRIAGE & INSURANCE 

Please send S.A.E. for complete lists or use our telephone 
BARCLAYCARD service. Very competitive EXPORT rates - r 
Australia please contact JAYCAR in Sydney. 

ALL INSTRUMENTS MAY BE SEEN IN OUR SHOW ROOM. 


CLEF PRODUCTS (ELECTRONICS) 
LIMITED 


ELECTRONICS? IISgggLS 































































83 










































WWHfW b & 

|t S 

If" s 

|7 a 

SHUT" s 

2P/6W A5p 

an 


IP !? „ 

filr" 1 

iiiis : 

g issssf- VSt 


UK101: INTERFACING COMPUKIT 

S&ar mm 

& 


VAT: Please add VAT at 
15% on total order value. 
Access & Barclaycards 


Please add 30p p&p & VAT. 

Government, Colleges, etc. Orders accepted. 
r».. poc wvp, rnMP Mon. Fri 9 ; 30-5.30__ 


TECHIMOMATIC LTD. 

17 BURNLEY ROAD, LONDON NW10 

(2 minutes Dollis Hill tube station) (ample street parking) 


is 




















































































EUROPE'S FASTEST SELLING ONE BOARD COMPUTER 

rOMPUKIT UK101 


<2S! 
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For personal service visit one of our stores. 

Our new store at Hammersmith is conveniently situated near the end 
of the M4 and the North and South Circular Roads. 

There is excellent street parking on meters a few steps away and 
Hammersmith Underground Station is nearby. Call in and see us soor 





in our • 
CATALOGUE • 

320 big pages packed with • 
m data and pictures of ^ 
a over 5,500 items w 

Over 100,000 copies sold already! 
Don’t miss out on your copy. 

On sale now in all branches 
WH Smith (ft) price £1. 

In case of difficulty check the coupon below. 



make it easy... 

with 

• 

«• 

• Easy to build, 

• • w superb specification. 

Comparable with organs selling for 
up to £1,000. Full construction details 



* Same day service on in-stock lines 

* Very large percentage of our stock lines in stock 

* All prices include VAT 

* Large range of all the most useful components 

* First class reply paid envelope with every order 

* Quality components—no rejects-no re-marks 

* Competitive prices 

* Your money is safe with a reputable company 


On price, service, stock, quality and security it makes 
sense now more than ever to make mopun your 
first choice for components every time! 


Post this coupon now. 

Please send me a copy of your 320 page catalogue. I enclose £1.25 
(incl. 25p p&p). If I am not completely satisfied I may return the 
catalogue to you and have my money refunded. If you live outside 
U.K. send £1.68 or 12 International Reply Coupons. 


the 




ll3C||^ltllll II ELECTRONIC SUPPLIES LTD. ^ L—------------- 

All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 554155 Sales: (0702) 552911 
















